Roles of the hippocampus, entorhinal cortex, amygdala and fimbria-fornix in a spatial discrimination on the radial maze by Gaskin, Stephane.
Roles of the Hippocampus, Entorhinal Cortex, 
Amygdala and Fimbria-Fornix in a Spatial 
Discrimination on the Radial Maze 
By 
Stephane Gaskin 
Department of Psychology 
McGill University, Montreal 
A Thesis Submitted To The Faculty Of Graduate Studies And Research In Partial 
Fulfillment Of The Requirements For The Degree OfDoctor OfPhilosophy 
(February, 2007) 
© Stephane Gaskin 2006 
1+1 Library and Archives Canada Bibliothèque et Archives Canada 
Published Heritage 
Branch 
Direction du 
Patrimoine de l'édition 
395 Wellington Street 
Ottawa ON K1A ON4 
Canada 
395, rue Wellington 
Ottawa ON K1A ON4 
Canada 
NOTICE: 
The author has granted a non-
exclusive license allowing Library 
and Archives Canada to reproduce, 
publish, archive, preserve, conserve, 
communicate to the public by 
telecommunication or on the Internet, 
loan, distribute and sell th es es 
worldwide, for commercial or non-
commercial purposes, in microform, 
paper, electronic and/or any other 
formats. 
The author retains copyright 
ownership and moral rights in 
this thesis. Neither the thesis 
nor substantial extracts from it 
may be printed or otherwise 
reproduced without the author's 
permission. 
ln compliance with the Canadian 
Privacy Act some supporting 
forms may have been removed 
from this thesis. 
While these forms may be included 
in the document page count, 
their removal does not represent 
any loss of content from the 
thesis. 
• •• 
Canada 
AVIS: 
Your file Votre référence 
ISBN: 978-0-494-32182-9 
Our file Notre référence 
ISBN: 978-0-494-32182-9 
L'auteur a accordé une licence non exclusive 
permettant à la Bibliothèque et Archives 
Canada de reproduire, publier, archiver, 
sauvegarder, conserver, transmettre au public 
par télécommunication ou par l'Internet, prêter, 
distribuer et vendre des thèses partout dans 
le monde, à des fins commerciales ou autres, 
sur support microforme, papier, électronique 
et/ou autres formats. 
L'auteur conserve la propriété du droit d'auteur 
et des droits moraux qui protège cette thèse. 
Ni la thèse ni des extraits substantiels de 
celle-ci ne doivent être imprimés ou autrement 
reproduits sans son autorisation. 
Conformément à la loi canadienne 
sur la protection de la vie privée, 
quelques formulaires secondaires 
ont été enlevés de cette thèse. 
Bien que ces formulaires 
aient inclus dans la pagination, 
il n'y aura aucun contenu manquant. 
Abstract 
The mIe ofthe dorsal hippocampus, entorhinal cortex, amygdala and fimbria [omix in 
spatial discrimination was investigated using temporary inactivation and lesioning 
methods. Spatialleaming was tested in a conditioned cue preference (CCP) paradigm 
involving three phases ofbehavioral testing on an 8-arm radial maze. In the first phase 
(pre-exposure) rats were given unreinforced pre-exposure trials in which they were free 
to move on two adjacent arms of the maze on three consecutive days. Rats were then 
altemately confined to the ends of the arms for eight days (training), one arm that 
contained food (Paired-arm) and one that did not (Unpaired-arm). The rats were then 
given a choice between the two arms with no food present. Only when given 
unreinforced pre-exposure trials did rats spend more time in the Paired-arm than in the 
Unpaired-arm, a CCP. Rats with muscimol induced inactivation of the dorsal 
hippocampus during unreinforced pre-exposure acquired a CCP for the Paired-arm but 
were impaired with hippocampal inactivation during training or testing. Inactivation of 
the entorhinal cortex resulted in impairment in aIl phases of the paradigm. Inactivation of 
the dorsal hippocampus in the Unpaired but not Paired-arm only resulted in impairment. 
The effects of dorsal hippocampus inactivation in either the Paired or Unpaired arms 
were reversed in rats with combined amygdala lesions\dorsal hippocampus inactivation. 
Rats with fimbria fomix\entorhinal cortex disconnections during pre-exposure were also 
impaired. These results reveal that spatialleaming may rely on the interactions between 
the hippocampus, entorhinal cortex, amygdala, and fimbria fomix and that the dogma that 
the hippocampus mediates aIl forms of spatialleaming requires revision. 
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Résumé 
Le rôle de l'hippocampe dorsal, cortex entorhinal, fornix, et de l'amygdale dans la 
discrimination spatiale a été examinée utilisant des inactivations temporaires ainsi 
qu'avec des lesions. L'apprentissage spatial a été verifié dans une préference d'indicateur 
conditionné (PIC) dans une tâche contenant trois phases sur un labyrinthe radial à huit 
bras. Dans la première phase (la pré-exposition) les rats sont permis d'explorer deux bras 
adjacents du labyrinthe pendant trois jours consécutifs sans obtenir de renforcement. Les 
rats sont ensuite confines en alternance dans le bout des deux bras pendant huit jours 
(entrainement), un bras contenant de la nourriture (le bras associé) et l'autre qui n'en 
contient pas (le bras non-associé). Les rats sont alors donnés un choix entre les deux bras 
avec sans nourriture (l'essaie). Seulles rats ayant été pré-exposés au labyrinthe passent 
plus de temps dans le bras associé que dans le bras non-associé, une PIC. Suivant des 
injections de muscimol, les rats préexposés sans renforcement ont acquis une PIC pour le 
bras associé mais n'ont pas demontrés une PIC avec une inactivation de l'hippocampe 
dorsal durant l'entraînement ou l'essaie. L'inactivation du cortex entorhinal a eu pour 
résultat des troubles dans toutes les phases. L'inactivation de l'hippocampe dorsal dans le 
le bras non-associé mais pas dans le bras associé a eu pour résultat des troubles 
d'acquisition d'une PIC. Ce résultat a été renversé par des lésions de l'amygdale 
combinés avec une inactivation de l'hippocampe dorsal. Les rats chez qui le fornix fut 
déconnecter du cortex entorhinal pendant la préexposition ont aussi été troublés dans 
l'acquisition d'une PIC. Ces résultats révèlent que l'apprentissage spatial dépend 
d'interactions entre l'hippocampe, le cortex entorhinal, l'amygdale, et le fornix. 
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Preface 
Damage to the medial temporal lobe, which includes the hippocampus and 
adjacent entorhinal, perirhinal and parahippocampal cortices, leads to memory deficits in 
human (Scoville & Milner, 1957; Squire & Zola, 1997) and non-human (Zola-Morgan, 
Squire, & Ramus, 1994) animaIs. However, there is an ongoing debate as to whether 
areas adjacent to the hippocampus play a role in memory that is distinct from the 
hippocampus. One view is that the hippocampus and adjacent cortical are as work as a 
system that processes the same kind of information, and that damage to any of these 
regions amounts to damage to the entire system (Squire, 2004; Zola-Morgan et al., 1994). 
Therefore, when damage to one ofthese adjacent cortical areas does not cause deficits in 
a certain type oflearning it is often said that it is because not enough ofthe system was 
damaged (Broadbent, Squire, & Clark, 2004). 
Another view asserts that adjacent cortical areas sustain separate memory 
functions oftheir own (Mumby, 2001; Murray, Bussey, Hampton, & Saksida, 2000). In 
research for my Master's Thesis at Concordia University 1 examined this issue using 
object recognition memory. Lesions of the perirhinal cortex produce deficits in object 
recognition (Ennaceur & Aggleton, 1997; Liu & Bilkey, 2001; Mumby, Glenn, Nesbitt, 
& Kyriazis, 2002; Norman & Eacott, 2004; Winters & Bussey, 2005) suggesting that this 
structure is critical for this function. The issue of whether perirhinal cortex can mediate 
object recognition alone, or wh ether the hippocampus is also involved, has led to a 
controversy about whether or not the hippocampus is involved in recognition memory. 
Lesions of the hippocampus in rats produced object-recognition-memory deficits in sorne 
studies (Clark, West, Zola, & Squire, 2001; Clark, Zola, & Squire, 2000; Gaskin, 
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Tremblay, & Mumby, 2003) but did not in a majority of studies (Ainge et al., 2006; Duva 
et al., 1997; Mumby, 2001; Mumby, Gaskin, Glenn, Schramek, & Lehmann, 2002; 
Murray & Mishkin, 1998; Rothblat & Kromer, 1991). Therefore, it is unclear ifthese 
parts of the hippocampal system function independently, or must act together to produce 
object recognition memory. 
A similar issue arises concerning spatiallearning, which is the subject of the 
present thesis. Although the hippocampus is thought to be important for spatiallearning, 
there is evidence that in sorne circumstances spatial information can be acquired without 
hippocampal involvement. Kimble & Bre-Miller (1981) trained rats to find food on a 
maze. Sorne of the rats were first permitted to explore the maze with no food present. 
When food was introduced these rats learned its location faster than rats that were given 
food on their first exposure to the maze. This was a demonstration oflatent learning 
(Blodgett, 1929; Tolman, 1932), the acquisition of information without reinforcement 
that is not immediately relevant to behavior. Its existence is revealed only when the 
reinforcer is introduced. 
Kimble and Bre-Miller (1981) found that this latent-Iearning effect was not 
eliminated by lesions ofthe hippocampus. This finding, although striking, was largely 
ignored but is supported by the findings in this thesis. The findings suggest that the 
hippocampus is not solely involved in spatiallearning, and that other parts of the brain, 
specifically the structures adjacent to the hippocampus, may work with the hippocampus 
or independently of it to contribute to spatially based behavior. 
This thesis focuses on the idea that the hippocampus and adjacent cortical areas 
may acquire different kinds of information that combine to produce what is known as 
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spatialleaming. The experiments investigate the possible involvement of the entorhinal 
cortex, fimbria fomix and amygdala and how they interact with the hippocampus in 
spatialleaming. 
Spatialleaming was studied using the conditioned place preference (CCP) 
procedure on a radial maze. In this procedure rats leam to discriminate between adjacent 
arms on an 8-arm radial maze using extra-maze eues. Since most of the same eues can be 
seen from both arms the rats must leam to discriminate between them using information 
about their spatial locations relative to the extra-maze eues. In the CCP procedure 
different types of information are acquired at different times, allowing each type to be 
isolated and studied independently. In the first phase of the procedure (latent leaming) 
the rats are allowed to explore the maze freely with no reinforcers present. In the second 
phase (leaming the location of the reinforcer) the rats are confined in one of the arms 
with food and in another arm without food. In the final phase the rats are tested by giving 
them a choice between the two arms with no food in either one. Normal rats spend more 
time in the food-paired arm than in the unpaired arm (a CCP). This final phase measures 
retrieval of the information acquired during the first two phases. 
Using a technique that allowed temporary inactivation of specific brain areas 
(intracranial injections of muscimol), 1 investigated the functions of the hippocampus and 
other structures in each phase of the CCP paradigm. 
Chapter 3 describes experiments investigating the functions and interactions of 
the hippocampus and amygdala. Experiment 1 confirmed previous observations that a 
functional dorsal hippocampus is not required to acquire spatial information during 
unreinforced exposure to the maze (latent leaming). In Experiment 2 a functional 
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hippocampus was shown to be required for leaming about the location of food in the 
spatial environment. 
This finding led to the question of what information the rats acquire during the 
time they spend on the food-paired and unpaired arms. In Experiment 3, 1 hypothesized 
that if the hippocampus is necessary to add information about the location of food to an 
already acquired spatial map stored in the cortex, inactivating the hippocampus while the 
rat was on the food-paired arm would eliminate the preference. This hypothesis was 
spectacularly disconfirmed: hippocampal inactivation while on the paired arm only had 
no effect; inactivation while on the unpaired arm only impaired the CCP. In Experiment 
4, 1 tested the hypothesis that these results were due to an interaction between the 
hippocampus and the amygdala, the contribution of the amygdala being to produce an 
undifferentiated conditioned approach response (Chai &White, 2004) towards the cues 
associated with both arms, a response that was counteracted by hippocampus-based 
leaming about the absence of food in the unpaired arm. This was done by repeating 
Experiment 3 using rats with lesions of the lateral amygdala. This resulted in a reversaI of 
the results obtained in Experiment 3. In the absence of the amygdala, inactivation on the 
food-paired arm only impaired the CCP, inactivation on the unpaired arm had no effect. 
These findings led to the conclusion that the hippocampus leams about both the location 
of food and about the location of no-food during training. In normal rats, this 
information co-operates with the amygdala-based conditioned approach response to 
produce a preference for the food-paired arm. On the unpaired arm, however, the 
influences of the two kinds of leaming compete: the amygdala promotes approaching and 
entering the arm and the hippocampus promotes avoiding it. 
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Experiment 5 showed that an intact hippocampus is required for retrieving the 
information acquired during both the pre-exposure and training trials. 
Chapter 4 examined the roI es of the entorhinal cortex and fimbria-fomix in latent 
leaming, and of the entorhinal cortex in the training and testing phases. In Experiment 6, 
an intact entorhinal cortex was shown to be necessary for latent leaming. This finding, 
combined with that of Chai and White (2004), who showed that lesions of the fimbria-
fomix made before but not after pre-exposure impaired CCP leaming led to the idea that 
a functional circuit involving the fimbria-fomix and entorhinal cortex might be necessary 
for the acquisition of unreinforced information during pre-exposure. In Experiment 7 this 
hypothesis was confirmed using a functional disconnection of the entorhinal cortex from 
the fimbria fomix using an asymmetrical fimbria-fomix lesion/entorhinal cortex 
inactivation method. 
Experiment 8 showed that a functional entorhinal cortex is required during the 
CCP training trials, suggesting that the hippocampus may retrieve previously acquired 
spatial information from entorhinal cortex (or elsewhere) to leam the location of the food. 
Experiment 9 showed that a functional entorhinal cortex is also required for expression of 
the CCP. This finding implies that both the hippocampus and entorhinal cortex 
participate in the retrieval and expression of information about the location of food and 
no-food during the test trial. This is the information that results in the expression ofthe 
CCP and the spatial discrimination between the two adjacent radial maze arms. 
The findings of this thesis are important because they demonstrate, for the first 
time, the neurobiological complexities that are involved in spatialleaming by 
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dissociating the infonnation processing functions of anatomical regions of the brain from 
one another within specific stages of a spatial leaming paradigm. 
The findings also indicate that the CUITent debate about whether cortical areas 
sUITounding the hippocampus play a functionally distinct role may not be necessary. The 
CUITent findings suggest that the outcome of memory processing within the medial 
temporal lobe is due to independent processing of certain types of infonnation by 
individual areas and the interaction between these areas as a system. 
The findings in this thesis also challenge long held views ofhippocampal function 
and its role in spatialleaming and provide a new way of viewing how spatial leaming is 
more dependent on the interaction between brain systems than on a single brain area. 
A specific application of these ideas is the demonstration, in the present thesis of 
the interaction between the amygdala and hippocampus in spatialleaming. This raises 
the question ofwhether true hippocampal function can only be studied without the 
influence of the amygdala. 
ln the Chapter 5, 1 propose that spatialleaming nonnally takes place in two 
distinct simultaneous stages: 1) a hippocampal independent phase in which pure spatial 
infonnation is acquired by the cortex, specifically the entorhinal cortex and 2) a 
hippocampus dependent phase in which the pure spatial infonnation is retrieved from the 
cortex and combined with infonnation about food which results in the memory for its 
location. 
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Navigation 
CHAPTER 1 
GENERAL INTRODUCTION 
Spatiallearning refers to the acquisition and use of infonnation that results in successful 
navigation towards goals in an environment. Such behaviour has been observed in 
various species of animaIs. One striking example of spatiallearning is the ability ofbirds 
to make their way back to their nest using environmental cues. 
The map and compass hypothesis suggested by Kramer (1953) led Griffin (1955) 
to propose three ways in which birds can learn to navigate through their environment: 
compass steering, piloting and true navigation. Compass steering refers to heading in a 
constant compass direction and true navigation refers to heading towards a specific goal 
regardless of the starting point. Birds can calculate compass direction by using the sun 
(Matthews 1953), magnetic fields (Leask 1977; Semm and Demaine 1986) and stars 
(Emlen 1975; Mouritsen and Larsen 2001). Evidence for the use of the sun in compass 
steering cornes from the observation that birds can synchronize their internaI clocks to the 
position ofthe sun and fly in the wrong direction if an alteration in their day-night cycle 
is made (Keeton, 1969). The use ofthe earth's magnetic field is suggested by the finding 
that the ability of pigeons to orient themselves under overcast skies is impaired if 
magnets are fixed to their heads (Wiltschko, 1994, 1998). Migratory birds make use of 
the stars by tracking the set rotational movement of stars around the North Star through 
the night for successful nocturnal navigation (Emlen, 1975). More recent evidence for 
this was found in a study where birds altered their direction al preference under a 
1 
stationary planetarium which can be set to represent night skies of different times and 
locations (Mouritsen & Larsen, 2001). 
Piloting uses landmarks in different ways to locate a goal. In beacon homing, the 
landmark and the goal are located in the same place. Therefore, the animal only needs to 
move towards the landmark to reach the goal. In piloting, the landmark or a set of 
individuallandmarks is positioned away from the goal. To reach the goal, animaIs have 
to leam the appropriate responses, such as a right or left tum, when these landmarks are 
encountered in order to orient towards a goal (Gallistel, 1990). This can be shown in the 
landmark-transformation technique in which animaIs are impaired in finding a goal when 
familiar landmarks, consistently indicating distance and direction to a goal, are displaced 
one by one (Tinbergen, 1972). 
Piloting makes use of one landmark at a time. True navigation requires the use of 
several landmarks simuItaneously to compute a trajectory. This requires leaming about 
the landmarks and their relationship to the goal. Watson and Lashley (1915) found that 
experienced migrating birds found their way to their goal even if they were moved to an 
area perpendicular to their original path. In contrast, birds migrating for the first time, 
kept flying towards a constant compass direction missing their goal by the distance they 
were displaced. 
True navigation was also demonstrated in the Morris water maze. Morris (1984) 
trained rats to swim to a hidden platform in a pool of water made opaque with milk or 
milk powder. The time taken for the rat to reach the platform over a number of trials was 
recorded. When the platform was removed the time spent by the rats in the area that had 
contained the platform was recorded. Morris (1984) found that normal rats quickly 
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leamed to swim directly to the submerged platform; when the platform was removed they 
spent more time in the quadrant that had previously contained it. Morris (1984) also 
found that the rats leamed to swim directly to the platform location regardless ofthe 
starting location during training or testing. 
The information required for true navigation is often called spatial leaming or 
cognitive mapping. It is acquired through experience with a set oflandmarks (or cues or 
stimuli) in an environment and must be remembered for future use in navigating through 
the environment. 
Spatial Learning 
Cognitive mapping 
Cognitive map theory proposes that place is not defined by single environmental 
cues but by the association of cues to one another (O'Keefe and Nadel, 1978). Ofthe 
three navigational methods mentioned above only true navigation is based on spatial 
leaming which results in the formation of a cognitive map. 
In a classic demonstration of cognitive mapping, Tolman Ritchie and Kalish 
(1946) trained rats to reach a goal box by following a specific path. Subsequently the 
original path was blocked and a set of 18 arms radiating from the start position replaced 
the original maze. The rats chose an arm which led most directly to the original location 
of the goal box significantly more than any other arm. This shows that the rats had 
information about the location of the goal box in the spatial environment. 
Cognitive mapping is thought to occur in the radial maze developed by OHon and 
Samuelson (1976). They devised an eight-arm radial maze consisting of an octagonal 
central platform with an arm radiating from each side. A food pellet was placed at the end 
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of each ann and a hungry rat was placed at the center of the rnaze and given free access 
to aIl anns. Normal rats learned to retrieve aIl ofthe food pellets on the rnaze without 
returning to an arm that they already visited. This was thought to require the rats to 
associate each arm with an array of spatial eues. 
An alternative to the hypothesis that rats perform by learning a spatial rnap of the 
environrnent is that they learn to associate each arm with different set of discrete eues in 
the environment. This hypothesis was tested in an experirnent in which individual eues 
surrounding the rnaze were either scrarnbled or rotated (Suzuki, Auguerinos & Black, 
1980). Rats were given 3 forced trials in which only 3 out of 8 anns on a radial rnaze 
were baited. The rats were then confined to the center platfonn of the rnaze during which 
the rernaining 5 anns were baited. The rats were then given access to these 5 anns only. 
For one group ofrats the eues surrounding the rnaze were scrarnbled and for the other 
group the cues were rotated by 180°. Only in the scrarnbled condition was the 
relationship arnong the eues disrupted. In the rotated condition the relationship among the 
cues was rnaintained. If the rats depended on individual cues to locate the anns, only the 
rats in the rotated conditioned should have been irnpaired. However, only the rats in the 
scrarnbled condition were irnpaired suggesting that they used a cognitive map ofthe 
environment. 
Latent learning of spatial information 
Latent leaming refers to leaming that takes place without reinforcement. It is 
latent because, in the absence of reinforcement, no new behaviors result frorn the 
learning. In a landrnark experirnent Blodgett (1929) trained rats to find food in a rnaze. 
Sorne of the rats found food on every training trial starting from day 1 while for others 
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food was only made available starting on day 7. The rats that explored the maze without 
food for the first 6 trials leamed the location of food faster once the food was introduced 
on day 7 than the rats that were given food starting at day 1. Tolman and Honzik (1932) 
later replicated this experiment with the same results. This suggested that during 
unreinforced exploration rats acquired spatial information about the stimuli surrounding 
the maze, possibly in the form of a spatial map. This leaming only became apparent when 
food was placed on the maze. Latent leaming was also demonstrated when rats placed on 
a platform in the correct location in a water maze leamed to swim directly to a hidden 
platform in that location from different locations in the pool more quickly than rats that 
were not previously placed on the platform (Sutherland & Linggard, 1982). 
Spatial Memory and the Hippocampal System: hippocampus, entorhinal cortex and 
fornix 
The hippocampus 
The hippocampal system is often thought of as comprising the hippocampus 
proper (CA fields), subiculum and the entorhinal cortex (Sutherland, McDonald, Hill, & 
Rudy, 1989; S. M. Zola-Morgan & Squire, 1990). One view is that the hippocampal 
system is unitary and that damage to any part of this system impairs the same types of 
memories (Zola & Squire, 2001). Another view proposes that different components of the 
system are involved in different types of memories (Murray et al., 2000). Consistent with 
the latter idea, evidence that the hippocampus and entorhinal cortex have different 
functions is presented in this thesis. 
In the rat the hippocampus runs through a septotemporal axis within the medial 
temporal lobe. It inc1udes the hippocampus proper, which can be subdivided in to 5 main 
regions: CA 1, CA 2 and CA 3, the dentate gyrus and the subiculum (Paxinos, 2004, 
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chapter 21, p. 444). Adjacent cortical areas such as the entorhinal, perirhinal and 
postrhinal cortices are closely related to the hippocampus. The entorhinal cortex, dentate 
gyrus, hippocampus proper and subiculum are linked together with uni direction al 
projections by the trisynaptic circuit (Amaral, Dolorfo, & Alvarez-Royo, 1991; Amaral & 
Witter, 1989; Lopes da Silva, Witter, Boeijinga, & Lohman, 1990; Naber, Witter, & 
Lopes Silva, 2000; Witter, 1993; Witter, Groenewegen, Lopes da Silva, & Lohman, 
1989). 
The hippocampus has substantial subcortical inputs and outputs. The fomix, a 
portion of which originates in the medial septai nuclei, projects to both the hippocampus 
and entorhinal cortex (Amaral & Kurz, 1985; Milner & Amaral, 1984). The fomix links 
the hippocampus to the mid-diencephalic area, including bidirectional connections to the 
thalamus, hypothalamus and mammillary bodies (Aggleton & Brown, 1999; Pan & 
McNaughton, 2004; Paxinos, 2004). The hippocampus also receives projections from the 
basal and lateral nuclei of the amygdala and projects mainly to the central nucleus 
through fibers originating in the CA 1 cell fields (Pitkanen, Pikkarainen, Nurminen, & 
Ylinen, 2000; Richter-Levin & Akirav, 2000). 
The hippocampus and spatiallearning 
ü'Keefe and Nadel (1978) proposed that animaIs navigate through space using at 
least two different kinds of information, mediated in different parts of the brain. The 
taxon system is independent of the hippocampus and comprises stimulus-response or 
habit leaming. The hippocampus is at the center of the locale system. This system is 
responsible for the formation of cognitive maps that result from leaming about spatial 
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relationships among cues in the environment. These learned relationships may then be 
used to locate important stimuli in the environment. 
The first evidence for the role of the hippocampus in spatiallearning was the 
discovery of cells (referred to as place cells) in which the firing rate was correlated with a 
rat's position in its environment (O'Keefe & Dostrovsky, 1971; O'Keefe, 1976; O'Keefe 
& Conway, 1978). It was also found that rats with hippocampallesions performed poorly 
on tasks in which learning about relationships between environmental cues is important. 
Rats with hippoeampallesions are impaired at using spatial cues to find a submerged 
platform in a pool of water (Morris, 1984) or to find food on dry mazes (Brown & 
Giumetti, 2006; Dudchenko & Taube, 1997; OIton & Papas, 1979; Taylor, Kozak, 
Latimer, & Winn, 2004). AIso, rats with hippocampal lesions cannot detect a change in 
the position of a familiar object relative to spatial cues (Mumby, Gaskin et al., 2002) 
suggesting an impairment in learning the spatiallayout of a context. 
MeN aughton et al. (1991) proposed that the hippoeampus is involved in 
navigation by storing distances and bearings from landmarks and can be used to plot 
novel trajectories to goals in the environment. The hippocampus is also thought to 
mediate spatial pattern separation among environmental cues. Rats with lesions of the 
hippocampus are impaired compared to normal rats on a task where they are required to 
displace an object that that has changed spatial location relative to an object that has 
remained stationary, but only if the distance between the objects is small (Gilbert, 
Kesner, & DeCoteau, 1998). Therefore, the hippocampus may be involved in the 
discrimination of ambiguous spatial eues. 
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It has also been suggested that the hippocampus is involved in the fonnation of 
conjunctive representations among stimuli (Wickelgren, 1979; Mishin & Petri, 1984; 
Sutherland et al., 1989). Evidence for this came from studies in which rats had to solve 
non-linear discrimination problems such as the negative patterning task. In this task rats 
learn that stimulus A and B are rewarded when presented by themselves (A+, B+) but not 
when they are presented as a compound (AB-) (Sutherland et al., 1989). 
The fonnation of conjunctive representations may account for pattern completion 
of spatial infonnation. In pattern completion (Gold & Kesner, 2005; Rudy & O'Reilly, 
1999) a representation of an array of spatial cues is reactivated with presentation of only 
a subset of these cues. Rats can be trained to displace an object covering a food weIl that 
can be 10cated by its relationship to spatial cues. It was found that rats can learn to later 
find the food even if most of the spatial cues that were present during training are 
removed. In contrast rats with hippocampal lesions are impaired at finding the food even 
when several cues remain (Gold & Kesner, 2005). 
One important caveat, however, concerning the role of the hippocampus in spatial 
learning is that it does not seem to be necessary for spatiallearning when no food rewards 
are involved, as illustrated by Kimble and Bre-Miller' s (1986) finding that the latent 
learning of spatial infonnation was unimpaired by lesions of the hippocampus. 
The fornix and spatial memory 
Lesions of the fornix are often thought of as being equivalent to hippocampal 
lesions. This is because lesions of the fornix, which cut the hippocampus off from other 
brain regions such as the septum, hypothalamus, thalamus, basal forebrain, cingulate 
cortex and ventral striatum (Poletti & Creswell, 1977), usually impair spatiallearning. 
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However, the hippocampus also communicates with other brain regions through non-
fomical connections such as the perirhinal, entorhinal and retrosplenial cortex and 
amygdala (Aggleton, Desimone, & Mishkin, 1986; Meibach & Siegel, 1977). Rats with 
lesions of the fomix were impaired on a delayed non-matching to position task in which 
they were required to depress a lever located in a spatial location different from which 
they were trained (Aggleton, Keith, Rawlins, Hunt, & Sahgal, 1992). Rats with lesions of 
the fomix were also impaired in the Morris water maze (Warburton & Aggleton, 1999). 
However, not aIl forms of spatialleaming are affected by fomix lesions. In one 
study fomix lesions did not impair rats in a spatial conditional associative leaming task, 
in which they had to leam to go to a spatial location based on a visual cue in order to 
obtain a food reward, but were impaired in a spatial working memory task on a radial 
maze (Sziklas & Petrides, 2002). This result is consistent with early findings that lesions 
of the fimbria fomix impair spatialleaming only when the task used involves working 
memory (Walker & OIton, 1984). In this experiment rats with fomix lesions were not 
impaired in a task in which they had to leam to reach a goal box from different start 
positions. However, the same rats were impaired when they had to remember the location 
of a goal box already visited during the same trial, a task necessitating working memory. 
These findings are evidence that the hippocampus and fimbria-fomix perform 
different functions within the spatial domain. The above findings point to a dissociation 
between spatial task that require working memory and those that do not. In the present 
thesis, the dissociation between fimbria-fomix and hippocampal function is that 
unreinforced spatialleaming is dependent on the fimbria-fomix (Chai and White, 2004) 
but not on the hippocampus (Kimble and Bre-Miller, 1986). 
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The entorhinal cortex 
The entorhinal cortex, which is bidirectionally connected to the perirhinal and 
postrhinal cortices (Burwell & Amaral, 1998; Witter et al., 1989), relays information 
from the unimodal and polymodal association areas of the cortex (Amaral & Witter, 
1989; BurweIl, 2000; Lavenex & Amaral, 2000) to the hippocampus. The entorhinal 
cortex projects directly and unidirectionally to the dentate gyrus through the perforant 
path (Witter, 1993; Witter et al., 1989). Projections from the superficial ceIllayers of the 
entorhinal cortex to the dentate gyrus are distributed along its lateral to medial extent 
(Amaral & Witter, 2004).The lateral entorhinal cortex projects to the septal-most parts of 
the dentate gyrus whereas the medial entorhinal cortex projects to the temporal dentate 
gyrus (Dolorfo & Amaral, 1998; Witter, 1993). The superficial ceIllayers ofthe 
entorhinal cortex also project to the CAl cell fields of the hippocampus and subiculum, 
and the deep layers of the lateral and medial entorhinal cortex receive projections from 
CAl cell fields of the hippocampus and subiculum (Witter, 1993). Projections from the 
entorhinal cortex may also be subdivided along its dorsolateral and caudomedial axis, 
with fihers terminating in the septal and temporal dentate gyrus respectively (Witter, 
1993). 
The entorhinal cortex and spatial memory 
The results oflesion studies done to assess the role of the entorhinal cortex in 
spatial memory are equivocal. Lesions of the entorhinal cortex caused spatial memory 
impairments in sorne studies (Cho & Kesner, 1996; Good & Honey, 1997; Hagan, 
Verheijck, Spigt, & Ruigt, 1992; OIton, Walker, & Gage, 1978; Parron & Save, 2004; 
Schenk & Morris, 1985) but not in others (Bannerman et al., 2001; Galani, Obis, 
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Coutureau, Jarrard, & Cassel, 2002; Oswald et al., 2003). One factor that may contribute 
to this discrepancy is that the brain damage produced by lesions intended to damage the 
entorhinal cortex sometimes also includes the subiculum, an area that when lesioned or 
inactivated by itself can cause spatial memory impairments (Cho & J affard, 1995; Galani, 
Coutureau, & Ke1che, 1998; Morris, Schenk, Tweedie, & Jarrard, 1990). However, it has 
been shown that fiber-sparing lesions restricted to the dorsolateral but not ventromedial 
entorhinal cortex impaired rats in the Morris water maze (Steffenach, Witter, Moser, & 
Moser, 2005). 
The entorhinal cortex contains cells that fire in a location-specifie manner (Quirk, 
Muller, Kubie, & Ranck, 1992), although entorhinal cell firing is consistent across 
environments whereas the firing ofhippocampal place cells is not. Quirk et al. (1992) 
found that entorhinal cells represented a topographical transform ofplace fields 
established in a cylindrical environment when rats explored a previously unvisited square 
enclosure. This means that information acquired in the cylindrical environment was 
adapted to produce a map of the square enclosure. No such transform of the 
environmental representation was observed with hippocampal place fields. 
This led Quirk et al., (1992) to postulate that hippocampal place cells represent 
environmental features as well as specifie locations. The observation that cells in the 
entorhinal cortex fire in a much less location-specifie manner with few cells completely 
silent suggests that information flows from a relatively cruder entorhinal representation to 
a more refined location specifie representation by the hippocampal place cells. 
More recently it was discovered that certain cells in the dorsocaudal medial 
entorhinal cortex (grid cells) are directionally oriented and compose a neural map of the 
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spatial environment. These cells are activated when a rat crosses the vertex of a place 
field composed of a regular grid of equilateral triangles. This map is anchored to extemal 
landmarks but can persist in their absence (Hafting, Fyhn, Molden, Moser, & Moser, 
2005). The firing ofthese cells can predict a rat's location in the environment as weIl as 
hippocampal place cells (Fyhn, Molden, Witter, Moser, & Moser, 2004). 
The Amygdala 
The amygdala is situated at the medial and ventral edge of the medial temporal 
lobe and is subdivided into several nuclei. The lateral and basal nuclei of the amygdala 
receive input from association areas of the cortex (Pitkanen et al., 2000; Stefanacci & 
Amaral, 2000, 2002). The main outputs ofthe amygdala are through the central and basal 
nuclei (Bonda, 2000; Marsh, Fuzessery, Grose, & Wenstrup, 2002; Pikkarainen & 
Pitkanen, 2001; Pitkanen, Kelly, & Amaral, 2002) and project to areas controlling the 
autonomic nervous system such as the hypothalamus and brainstem structures (Buijs & 
Van Eden, 2000; Roozendaal, Koolhaas, & Bohus, 1991; Veening, Swanson, & 
Sawchenko, 1984; Williams et al., 2005). 
Except for the central nucleus these nuclei aIl have bidirectional connections with 
the different components ofthe hippocampal system (Pitkanen et al., 2000). Projections 
from the entorhinal cortex terminate mainly in the central nucleus (McDonald & 
Mascagni, 1997) while connections from the hippocampus mainly originate from the 
temporal end ofthe CAl field and terminate the basolateral nucleus (Pitkanen et al., 
2000; Richter-Levin & Akirav, 2000). The projections from the basolateral amygdala are 
heaviest to the temporal end of the hippocampus and the lateral nucleus of the amygdala 
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projects heavily to cortical areas and the parasubiculum (Pitkanen et al., 2000; Richter-
Levin & Akirav, 2000). 
The Amygdala and spatial discrimination 
The amygdala is known to be involved in c1assical conditioning, involving the 
association of a neutral stimulus with an aversive or appetitive event (Davis, 1992a, 
1992b, 1997; LeDoux, 1992). In this thesis 1 focus on the amygdala's role in appetitive 
tasks. Amygdala lesioned rats were impaired in CCP tasks in which a sucrose solution 
(Everitt, Morris, O'Brien, & Robbins, 1991) or amphetamine (Hiroi & White, 1991) was 
paired with distinctive environmental cues. Rats with amygdala lesions failed to show 
typical conditioned responses (CR) to a conditioned stimulus (CS) that signaled food 
(Gallagher, Graham, & Holland, 1990). 
Rats with lesions of the basolateral amygdala were impaired on a second order 
conditioning task in which a light (second order CS) that had never been paired with food 
became reinforcing when paired with atone (first order CS) that had been paired with a 
food reward (Setlow, Holland, & Gallagher, 2002). In monkeys muscimol-inactivation of 
basolateral amygdala eliminated responses to changes in the reward value of a stimulus 
(Wellman, Gale, & Malkova, 2005). Monkeys were sated with one or another type of 
food. The monkeys were then given a discrimination task in which they were required to 
leam to displace one of two objects of a different shape and color in order to obtain a 
food reward. Normal monkeys leamed to displace the object which covered the type of 
food they had not been sated with. Monkeys with basolateral amygdala inactivation 
displaced both objects equally. 
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Contrary to hippocampus based learning which utilizes associations among arrays 
of distal spatial eues and reinforcers. Amygdala based learning is eharaeterized by the 
fonnation of associations between diserete eues in the environrnent and reinforcers. This 
can be demonstrated by using two versions of the eonditioned eue preference (CCP) 
paradigrn in the radial maze. 
In one version of the CCP task the anns used for training are widely separated 
resulting in different sets of cues being visible from each ann. The set of eues visible 
from the food-paired ann ean beeome a CS that elieits a CR that results in the rat 
spending more time in the food-paired arrn. This forrn of CCP learning is dependent on 
the amygdala but not the hippocampus (McDonald & White, 1993). 
In the other version of the CCP task (the one used in this thesis) the arrns used for 
training are immediately adjacent to each other. This means that many of the same 
individual cues are visible from both arrns, making them ambiguous. Discriminations 
using these ambiguous eues may be based on different groupings of subsets of the cues, 
each ofwhich can be used to identify one of the arrns. Sorne eues would be parts ofboth 
groupings, but the ambiguity would be resolved by cues that are involved in only one of 
the groupings. Forrning the groupings and associating them with the food-paired and 
unpaired arrns of the maze may involve the hippocampus-dependent processes of 
eonjunctive representation and pattern separation described above (Gilbert et al., 1998). 
When adjacent arrns are used, amygdala-based classical conditioning leads to an 
equal tendency to enter both arrns. This was demonstrated by Chai and White (2004), in 
this experiment rats were trained in a CCP paradigrn using three arrns of a radial maze. 
Two of the arrns of the maze were adjacent to each other, resulting in a subset of the 
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spatial cues surrounding the maze being ambiguous to both arms. The third arm was on 
the other si de ofthe maze from which a completely different set of cues was visible. The 
rats were aIternately confined to aIl three arms with only one of the adjacent arms 
containing food. On the preference test the food-paired arm was blocked. The rats were 
given a choice between the arm adjacent to the food-paired arm and the arm on the other 
side of the maze. Normal rats spent more time in the arm adjacent to the food-paired arm 
than in the opposite arm. Rats with lesions of the lateral amygdala spent an equal amount 
of time in either arm, not expressing a CCP. 
These results showed that amygdala based learning could not mediate 
discrimination between two adjacent arms with ambiguous spatial cues. Consequently, an 
undifferentiated conditioned approach response was made towards individual cues which 
may have been visible from either arm. 
In summary, spatiallearning may require the interaction between several brain 
systems in order to be expressed. The hippocampus may not be necessary for 
unreinforced spatiallearning but may mat be necessary for the integration of pure spatial 
information with important stimuli such as food reward. The entorhinal cortex may 
channel sensory information from neocortical areas and may also provide the 
hippocampus with unreinforced spatial information which permits the establishment of 
place cells. The amygdala may be involved in a two-step process in which it initiates 
undifferentiated conditioned approach responses towards discrete cues associated with 
important stimuli followed by a fine spatial discrimination mediated by the hippocampus. 
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Multiple Memory Systems 
Evidence for multiple memory systems exists for both humans (Cohen, 
Eichenbaum, Deacedo, & Corkin, 1985; Corkin et al., 1985; Hartley & Burgess, 2005; 
Poldrack et al., 2001; Poldrack & Rodriguez, 2004; Warrington, 1979) and rats 
(McDonald & White, 1993, 1994; Packard, Hirsh, & White, 1989; Packard & Teather, 
1997,1998; Packard & White, 1991; Packard & Wingard, 2004; Schroeder, Wingard, & 
Packard, 2002). Neurological evidence for this idea was first reported by Scoville and 
Milner (1957) with the study of the brain damaged patient H.M. H.M. was subjected to 
resection of the hippocampus, amygdala and entorhinal cortex to alleviate severe 
epileptic seizures (Scoville & Milner, 1957). Neuropsychological testing revealed that 
H.M. suffered a complete loss oflong-term memory for events subsequent to the 
resection, a retro grade amnesia for events spanning 3 years before surgery and a failure to 
retain memories for ongoing events (Milner, Corkin, & Teuber, 1968; Scoville & Milner, 
1957) 
Further examination of patient H.M. and others (Cohen, Eichenbaum, Deacedo, & 
Corkin, 1985; Corkin, 2002; Corkin et al., 1985) revealed that not aIl kinds ofmemory 
are affected by the type ofbrain damage sustained by H.M. This led to the idea that there 
are two main types ofmemory, declarative and procedural (Cohen & Squire, 1980). 
Declarative memories include facts (semantic) and events (episodic) whereas procedural 
memories are based on skills and habits. Other types of memories, termed non-
declarative, include priming, classical conditioning and non-associative leaming (Squire 
& Zola, 1997). Only declarative memories seem to be affected by damage to the media} 
temporal lobe whereas non-declarative memories are left intact. Numerous studies have 
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reported nonnal or nearly nonnal non-declarative memory in brain-damaged amnesic 
patients, including memories for skil1s and habits, (Cohen & Squire, 1980; Milberg, 
Alexander, Chames. McGlinchey-Berroth, & Barrett, 1988; Nissen, Willingham, & 
Hartman, 1989; Squire, Cohen, & Zouzounis, 1984), priming (Java & Gardiner, 1991; 
Schacter & Graf, 1986; Seger, Rabin, Zarella, & Gabrieli, 1997), and classical 
conditioning (Blundo & Ricci, 1989; Clark & Squire, 1998; Gabrieli et al., 1995; 
Schugens & Daum, 1999). 
These types of memories were found to be dependent on different brain areas. 
Memories for skills and habits depend on the integrity of the caudate nucleus (Femandez-
Ruiz, Wang, Aigner, & Mishkin, 2001; McDonald & Hong, 2004; Packard et al., 1989; 
Reading, Dunnett, & Robbins, 1991; Yin, Knowlton, & Balleine, 2004). Priming effects 
are eliminated by neocortical damage on the right side (Marsolek, Kosslyn, & Squire, 
1992; Marsolek, Schacter, & Nicholas, 1996). Classical conditioning of emotional 
responses was shown to be dependent on the amygdala (Everitt, Morris, O'Brien, & 
Robbins, 1991; Davis, 1992a, 1992b, 1997; LeDoux, 1992) whereas classical 
conditioning of skeletal responses is dependent on the cerebellum (Lavond, 2002; 
McConnick & Thompson, 1984; Thompson, 1990). 
The hippocampus, which has been placed at the center of the declarative memory 
system in humans (Bechara et al., 1995; Eichenbaum, 1999; Tulving & Markowitsch, 
1998) is important for spatial memory (Eichenbaum, 2003; Eichenbaum & Cohen, 1988; 
J. O'Keefe & Dostrovsky, 1971; John O'Keefe & Nadel, 1978; Olton & Papas, 1979) and 
is taken to be at the center of an episodic-like memory system in rats (Fortin, Wright, & 
Eichenbaum, 2004; Kart-Teke, De Souza Silva, Huston, & Dere, 2006; Roberts, 2006). 
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Mc Donald & White (1993) found a triple dissociation in the types ofmemories 
processed by the hippocampus, amygdala and dorsal striatum. In this experiment, rats 
were given a test of spatialleaming, habit leaming and classical conditioning on a radial 
maze. In the spatial task rats had to discriminate between the anns of the maze by 
fonning associations among the spatial cues in the environment. In the classical 
conditioning task rats had to associate a food reward with discrete cues. In the habit 
leaming task rats had to leam to make a constant tum into an ann in order to get a food 
reward. 
Lesions of the hippocampus, dorsal striatum and amygdala impaired spatial 
leaming, habit leaming and classical conditioning respectively. Spatialleaming and 
classical conditioning were not impaired by lesions of the dorsal striatum and habit 
leaming was not impaired by lesions of the hippocampus or of the amygdala. 
These memory systems may exert their influences on behaviour concurrently. 
Studies in which damaging a memory system facilitates leaming support this idea. 
McDonald & White (1993) found that lesions ofthe fimbria-fomix facilitated striatal 
based habit leaming on a radial maze. MacDonald &White (1995) found that lesions of 
the fimbria-fomix facilitated, amygdala-based, leaming in a conditioned cue preference 
(CCP) procedure. 
Facilitation of striatal and amygdala-based leaming by lesions of the hippocampal 
system may be due to impainnents in the acquisition of infonnation detrimental to 
perfonnance of tasks mediated by the striatum and amygdala. The behaviors resulting 
from the hippocampal system' s tendency to process relationships among spatial cues may 
interfere with the perfonnance ofbehaviors produced by striatal-based leaming about 
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discrete eues required for habit leaming and, amygdala-based c1assically conditioned 
responses. 
Scope and Purpose of the Thesis 
The present thesis examines sorne neuropsychological mechanisms underlying 
spatial discrimination leaming in rats. Although the hippocampus is widely held to be a 
crucial brain structure for the processing of spatial information, little attention has been 
ion of the paid to whether hippocampus participates in aIl types of spatialleaming and to 
the ways in which it may interact with other types ofleaming in other brain systems. In 
this thesis l show that the hippocampus may not be necessary to process spatial 
information in aIl situations and that the hippocampus and other structures such as the 
entorhinal cortex, fimbria- fomix and amygdala may be differentially involved depending 
on the type of spatial information being processed. 
The adjacent-arm CCP procedure was used in aIl of the experiments in this thesis. 
Three phases are required for rats to acquire a CCP in this paradigm. In the first phase 
rats acquire spatial information that is devoid of the presence of reinforcers. In the second 
phase a reinforcer is present allowing the rats to leam about its location with respect to 
the spatial eues, but the rats are prevented from moving around, which is thought to 
impair their ability to acquired additional spatial information. During testing the rats have 
to retrieve both kinds of information and use it to locate the maze-arm that previously 
contained food. For this information to be combined an interaction between the brain 
structures such as the hippocampus, entorhinal cortex, fimbria-fomix, and amygdala and 
the type of information being processed at each stage of the paradigm may be necessary. 
Previous studies have usually made use of permanent lesions and behavioral tasks in 
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which the rats acquire spatial information and leam the location of the reinforcer at the 
same time - running a standard maze, for example. In the present thesis the use of a 
behavioral paradigm that temporally separates spatialleaming trom leaming the location 
of the reinforcer and the use oftemporary inactivation permitted precise determination of 
the role played by these structures in leaming each of the two types of information. 
Therefore, this thesis reports on experiments in which the effects of temporary 
inactivation of the hippocampus and entorhinal cortex were tested during the pre-
exposure, training and test phases of the adjacent arms CCP paradigm. Also, the effect of 
amygdala lesions alone or in combination with hippocampal inactivation on the 
acquisition of information that occurs during training is tested. Finally, the possibility that 
a functional circuit between the dorsal hippocampus and the entorhinal cortex that 
involves the fimbria-fomix is necessary for the processing ofpre-exposure and training 
information is also tested. 
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Subjects 
CHAPTER2 
GENERAL METHODS 
Subjects were male Long-Evans rats (Charles- River Laboratories, St-Constant, Quebec, 
Canada) weighing 300-400 grams at the beginning ofthe experiment. They were housed 
individually in hanging cages made from stainless steel wire on a 12 hr day/night cycle. 
The rats had free access to water throughout the experiment. 
Apparatus 
The apparatus was an 8-arm radial maze (Figure 1) made ofblack Plexiglas, 
located at the center of a room (2.9 x 2.9 m) which contained several distal cues. The 
maze consisted of an octagonal center platform 40cm in diameter with an arm (60 cm 
long and 9 cm wide) radiating from each side. The maze was elevated 60 cm from the 
floor. Six wooden blocks (35 x 19 x 6.5 cm) were used to prevent access to unused arms 
during the pre-exposure and test trials. On the training trials rats were confined to the 
ends of maze arms using similar blocks fitted with wooden panels (31 x 28.5 cm) that 
confined the rat' s view of the room cues to an arc of approximately 180 degrees. A video 
camera was suspended above the center of the maze and was connected to a monitor in a 
nearby room. 
A second maze was located in a different room with different distal cues. This 
maze was identical in size and shape to the one described above but was made of wood 
and painted gray. Access to each of the arms from the center platform was restricted by 
vertically sliding doors (9cm wide x 30 cm high) made of Plexiglas and mounted on an 
octagonal Plexiglas frame (48cm in diameter x 32 cm in height). The doors were raised 
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Figure 1. Eight-arm Radial Maze 
Schematic representation of the eight-arm radial maze used for adjacent arm CCP 
learning throughout this thesis. Black areas on 6 of the arms depict a wooden block that 
prevents the rats from entering those arms during pre-exposure and testing. During 
training, partitions (dotted lines) are introduced to confine the rats at the ends of the 
adjacent Paired and Unpaired arms. 
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Eight -Arm Radial Maze 
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and lowered by an experimenter situated outside the room. A video camera was mounted 
above the center of the maze and the rats were observed on a monitor outside the room. 
Surgery 
Rats were anesthetized with sodium pentobarbital (65mg/Kg, ip). The placement 
for lesions and cannula placements were performed with a stereotaxie instrument with 
coordinates based on Paxinos and Watson (2005) and were measured in relation to 
bregma and the skull surface. 
During surgery, aIl rats received injections of the analgesic, Dipyrone (50% 
solution [0.11 ml, IP]) and the antibiotic Tribissen (24% solution [0.1 ml SC]). 
Drugs 
Temporary inactivation ofbrain regions was done using muscimol-hydrobromide 
(0.5ul of 1 J..lg/J..lL dissolved in 0.9% sterile saline at the rate ofO.03ullmin]). Muscimol is 
a specifie agonist of alpha-gamma-aminobutyric acid (GABAa) receptors (Costa, Di 
Chiara, & Gessa, 1981; Enna & Bowery, 1997). GA BA is the primary inhibitory 
neurotransmitter in the mammalian brain (Roberts & Frankel, 1950). When GABA binds 
to the GABAa receptor an increase in chloride conductance which results in the 
depression of excitatory neurotransmission occurs (Johnston, 2005). The inactivation 
effect of muscimol has been shown to last between 12 and 24 hours (Hikosaka & Wurtz, 
1985; Martin, Cooper, & Ghez, 1993). 
There is considerable controversy about the radius of neural inactivation produced 
by muscimol injections. Estimates range from 1.7 mm around the tip of the injection 
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cannula in the cerebral cortex using 2-deoxyglucose uptake as a measure of neural 
activity (Martin, 1991), to more than 3.0 mm in nucleus basalis magnocellularis using 
electrophysiological and autoradiographic methods (Edeline, et al, 2002). However, since 
diffusion of molecules is not the same in aIl brain areas (Nicholson & Sykova, 1998) 
these conclusions do not necessarily apply to the present hippocampal and entorhinal 
cortex injections. 
Cannula insertions 
In the experiments described in Chapter 3 stainless steel guide cannulas (23 ga, 10 
mm in length) were implanted bilaterally into the dorsal hippocampus. The co-ordinates 
were -3.8mm posterior; 2.5mm lateral; and 3.3mm below the skull surface (Paxinos & 
Watson 2005). 
In the experiments described in Chapter 4 guide cannulas (23 ga, Il mm in 
length) were inserted into the dorsal and ventral entorhinal cortex. For the dorsal 
entorhinal cortex the co-ordinates were 8.3 mm posterior; 5.0 mm lateral; and 4.3 mm 
below the skull surface. Co-ordinates for the ventral entorhinal cortex were 6.1 mm 
posterior; 6 mm lateral; and 7.3 mm below the skull surface. In aIl cases stainless steel 
obturator wires the same length as the cannulas were cemented in place. 
Lesions 
In the experiments described in Chapter 3 bilateral electrolytic lesions of the 
lateral amygdala were made using enameled-Nichrome wire electrodes (0.25 mm in 
diameter) with the enamel insulation removed from 0.8 mm at the tip by careful scraping. 
The stereotaxic coordinates were 3.5 mm posterior and 5.5mm lateral and 8.5 mm below 
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the skull surface. The co-ordinates for lesion of the fimbria-fomix (FF) made in the 
experiments described in Chapter 4 were 1.2 mm posterior, 0.7 and 2.4 mm lateral and 
5.0 mm below the skull surface. In all cases the ground was a rectal probe. A 1.5 mA 
CUITent was passed for 20 seconds. 
Histology 
Rats were euthanized with a lethal dose of 30% chloral hydrate. For rats with 
cannulas Methylene blue (.5ul per si de) was injected into the dorsal hippocampus using 
same guide and injection cannulas used for the infusions of muscimol and saline. All rats 
were perfused with 0.9% (wt/vol) saline followed by a 10% (wt/vol) fonnol-saline 
solution. The brains were excised, frozen and cut into sections 30 um thick. Sections 
through the area of the lesion were mounted on glass slides. 
Histological results 
Figure 2 shows photomicrographs of representative cannula placements for rats 
inc1uded in all experiments. 
Hippocampus and entorhinal cortex 
The range of locations of the cannula tips (primarily detennined by the presence 
of Methylene blue) are shown in Figures 3 (dorsal hippocampus), 4A (dorsal entorhinal 
cortex), 4B (ventral entorhinal cortex). Figure 5B shows the location of cannula tips for 
each rat that received unilateral dorsal entorhinal injections combined with contralateral 
fimbria-fomix lesions with halfthe rats receiving injections on the left side and the other 
half on the right side. Figures 6A and 6B shows the location of cannula tips in the dorsal 
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Figure 2. Representative Cannula and Lesion Placements 
Photomicrographs of representative cannula placements for rats that received muscimol and 
saline injections into the dorsal hippocampus in Experiments 1,3 and 4 (A). Also represented is 
the extent of the electrolytic lesions of the lateral amygdale (circled) as weIl as cannula 
placements in the dorsal hippocampus for rats in Experiment 5 (B). Cannula placements for 
muscimol and saline injections in the dorsal and ventral entorhinal cortex are represented in (C) 
and (D) respectively. Unilateral radiofrenquency lesions of the fimbria-fornix and unilateral 
placement of cannulas in the dorsal entorhinal cortex are represented in (E) and (F) 
respectively. 
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Figure 3. Placement of Cannulas for Muscimol and Saline Injections in the 
Dorsal Hippocampus 
Cireles represent cannula placements on the perimeter of the area within which aIl of 
the placements for muscimol (black cireles) and saline (clear circles) injections were 
located. 
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Figure 4. Placement of Cannulas for Muscimol and Saline Injections in the 
Dorsal and Ventral Entorhinal Cortex 
Circ1es represent cannula placements on the perimeter of the area within which the 
placements for aIl muscimol (dark) and saline (c1ear) injections for dorsal (A) and 
ventral (B) entorhinal cortex injections were located. 
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Figure 5. Extent of Unilateral Fimbria-Fornix Lesions and Cannula Placements in 
the Dorsal Entorhinal Cortex. 
Diagrams showing the largest (grey) and smallest (black) lesions ofunilateral fimbria 
fomix Iesions (A). Also shown are the best cannula placements for muscimoI (black 
circIes) and saline (clear circIes) injections (B). 
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Figure 6. Extent of Lateral Amygdala Lesions and Cannula Placements in the 
Dorsal Hippocampus. 
Diagrams showing the largest (grey) and smallest (black) lesions of the lateral 
amygdala in Experiment 4. Also shown are the best cannula placements for muscimol 
(black circles) and saline (clear circles) injections in Experiments 3 (A) and 4 (B) 
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hippocampus in each rat in Experiment 3 and 4 respectively. In Experiment 3 rats 
received dorsal hippocampus injections while in Experiment 4 rats received dorsal 
hippocampus injections combined with lesion of the lateral amygdala. Only rats with 
cannulas located within the dorsal hippocampus and entorhinal cortex were included in 
the statistical analysis 
Lateral nuclei of the amygdala 
AIl rats included in the statistical analysis had extensive damage to the lateral 
nucleus of the amygdala (figure 5B). Ninety-percent ofthe rats also sustained substantial 
damage to other amygdaloid nuclei and caudate-putamen. In sorne rats damage extended 
to the perirhinal and entorhinal cortices. However, the behavior of these rats was 
indistinguishable from the rats in which the lesions were confined to the amygdaloid 
nuclei. 
Fimbria-fornix 
AlI the fimbria-fornix lesions completely severed the structure on one side ofthe 
brain at sorne anterior-posterior level (figure 4A). In addition to the fimbria-fornix, sorne 
ofthese lesions also affected parts of the corpus caIlosum and the anterior-most part of 
the dorsal hippocampus. 
Behavioural Procedure 
CCP 
AlI rats were aIlowed to recover from surgery for 7 days. Following recovery 
food was rernoved from aIl home cages. AIl rats were handled daily for 4 days. During 
each daily session, groups of 5 - 8 rats were put into a large plastic box with sawdust on 
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the floor. Each rat was picked up in tum five times and handled for 1 min each time. 
The rats were then retumed to their home cages where they were given 2 - 3 food pellets 
and 10 pieces of Kellogg' s Froot Loops cereal. After the handIing period the rats 
received only food pellets in their home cages for the rest of the experiment. They were 
weighed daily and given sufficient food to maintain 80-85 % oftheir initial free-feeding 
weights. 
The radial maze was rotated by two arm positions to the left before the start of 
testing each day to prevent leaming based on local eues. 
The cages of the rats to be tested each day were placed in a mobile cage holder 
and wheeled to a waiting area outside the testing room. For each trial, the experimenter 
placed a rat on the maze, left the room and observed the rat's behavior on the video 
monitor. 
Each rat was assigned a unique pair of adjacent arm locations on the radial maze. 
One ofthese locations was randomly designated as food-paired and the other as the no-
food location. The procedure involved three phases: pre-exposure, training, and testing. 
The experimental parameters were those previously shown (Chai and White, 2004) to 
produce a CCP that requires discrimination between locations defined by adjacent maze 
arms. During the pre-exposure phase, the arms in each rat' s assigned locations were open 
and the other arms were blocked. There was no food on the maze. Each rat explored the 
center platform and its two assigned arms for 10 min on each of 3 consecutive days. 
On the next day the training trials began. On each trial the rats were confined on 
the end of the arm in their food-paired locations for 30 min with 50 Froot Loops on one 
day and on the end of the arm in their no-food locations for 30 min with no food on the 
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next day. The order of exposure to the food-paired and no-food locations was 
counterbalanced within each group and remained the same for each rat over aIl training 
trials. AlI rats received 4 two-day trials. 
On the day foIlowing the final training trial the test trial was given. Each rat was 
placed on the center platform with the arms in its two assigned locations open and the 
other arms blocked for 15 min. There was no food on the maze. The times at which each 
rat entered and exited each arm were recorded. A rat was considered to be in an arm or to 
have left the arm if its front feet crossed the threshold between the arm and the center 
platform. The total time spent in each arm was calculated. 
Statistical Analyses 
A CCP was defined as a group of rats spending significantly more time in the arm 
that was paired with food than in the arm that was not paired. Analysis of variance 
(ANOV A) with Groups as a main effect and Arm Choice as a repeated measure was 
calculated for the arm times for aIl groups in each experiment. The overall error term was 
used to conduct planned comparisons between the time spent in the paired and unpaired 
arms for each group. 
This procedure is appropriate for the number of comparisons calculated in each 
experiment in this thesis. Planned comparisons are used when specific hypotheses are 
held about group differences. This is contrasted to unplanned comparisons conducted 
when no specific hypothesis about the differences between different groups are 
postulated. In this case adjustment is required to the alpha level because of the inflated 
probabilities of making a Type-l error. Unplanned comparisons follow the computation 
of an overaIl omnibus F-test in which the researcher has interest. 
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In planned comparisons the researcher is not interested in the result of the overaIl 
F-test. The omnibus test is only calculated to obtain the overall error term used to 
compute specific comparisons (Keppel, 1991, p.l12; Tabachnick and Fidell, 2001, p.50). 
A relatively small number of comparisons can be conducted without adjustment to the 
alpha level (Howell, 2002, p. 350-351). 
Win-Shifl 
In sorne experiments the rats in sorne groups were tested on the win-shift task 
using the second radial maze, starting 3-5 days after the end of CCP testing. One-quarter 
piece of a Froot-Loop was placed in the food weIl at the end of each arm. Each trial 
began with a different set of 4 randomly selected c10sed arms. After the rats retrieved the 
food from each of the open arms the remaining four arms were opened giving the rats 
free access to aIl eigbt arms ofthe maze. The number of entries made to previously 
entered arms while retrieving aIl 8 pieces of food were recorded as errors. 
Rats were tested daily until the group made an average of fewer than two errors. 
Thirty minutes before testing on the next day aIl rats received bilateral injections of 
muscimol into the dorsal hippocampus identical to those given before pre-exposure in the 
CCP task. One additional non-drug test was given on the foIlowing day. 
Statistical Analyses 
Impaired Win-Shift performance was defined as a group ofrats making 
significantly more errors on the trial that immediately foIlowed the muscimol injections 
than on the trials on the days before and after muscimol injections. One-way repeated 
measures ANOVA's were calculated on the numbers of errors made on these three trials. 
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The errors made on these trials were compared using Post-Hoc analyses (Tukey's HSD). 
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CHAPT ER 3 
DORSAL HIPPOCAMPUS AND AMYGDALA FUNCTION IN SPATIAL 
DISCRIMINATION 
Chai and White (2004) found that rats developed a CCP in the adjacent-ann CCP 
paradigm only if given at least 3 sessions ofunreinforced pre-exposure before training. 
Since the anns to be discriminated in this task are adjacent to each other a subset of the 
spatial cues surrounding the maze is visible from both anns. Using this ambiguous 
infonnation to discriminate between the locations of the two anns may require seeing the 
cues from multiple angles while freely moving around during pre-exposure (Sutherland, 
1985; Vanderwolf, 1969; Morris, Black & O'Keefe, 1976; Alyan, 1994; Sutherland & 
Hamilton, 2004). It is hypothesized that during the unreinforced pre-exposure trials the 
rats acquire a spatial or cognitive map (O'Keefe & Nadel, 1978; Tolman & Honzik 1932) 
of the environment by fonning relationships among the environmental cues surrounding 
the maze. Since there is no food on the maze during the pre-exposure trials nothing about 
its location can be leamed. 
During training the rats are confined to small areas at the ends of the food-paired 
and no food anns. Since movement is thought to be important for acquiring spatial 
infonnation it is unlikely that the rats acquire any additional spatial information during 
these trials. However, they can leam about the presence of food in one location and 
about the absence of food in another location. To express a CCP the spatial infonnation 
acquired during pre-exposure and the information about the location of food acquired 
during training must be combined in sorne way. 
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Chai & White (2004) found that lesions ofthe fimbria-fomix made before but not 
after the unreinforced pre-exposure trials impaired CCP leaming. Lesions of the dorsal 
hippocampus impaired the CCP when made before or after pre-exposure. These findings 
suggested that the fimbria-fomix is necessary to acquire the unreinforced spatial 
infonnation necessary for CCP leaming but that once that infonnation has been acquired 
the fimbria-fomix is no longer necessary for it to influence behavior. In contrast, an 
intact hippocampus is required to leam and express the adjacent anns CCP. 
In this chapter the involvement of the hippocampus in each of the three phases of 
adjacent ann CCP leaming was investigated. Because of the pennanent nature of the 
lesions made by Chai & White (2004) it was impossible to detennine if the hippocampus 
is necessary for the acquisition of infonnation during pre-exposure, if it is required when 
the rat is leaming about the location of the food, and if it is required for expression of the 
CCP. To answer these questions the dorsal hippocampus was temporally inactivated 
during pre-exposure, training or testing of the CCP paradigm. 
Experiment 1 
Temporary Inactivation of the Dorsal Hippocampus during Pre-Exposure 
In this experiment the effect of temporary inactivation of the dorsal hippocampus 
with muscimol during the unreinforced pre-exposure phase of the adjacent-ann CCP 
paradigm was examined. This experiment also served to replicate the findings of Chai 
and White (2004) that unreinforced pre-exposure to the maze is necessary for the 
acquisition of an adjacent-arm CCP. 
Twenty-seven rats were used in this experiment. Eleven were assigned to the 
muscimol / pre-exposure (MPX) group and 7 to the saline / pre-exposure (SPX) group. 
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These rats received muscimol or saline injections prior to each pre-exposure trial. In 
addition, 9 unoperated rats were used in pre-exposure (PX) and no pre-exposure (NPX) 
groups. 
After the CCP experiment was completed rats in the MPX group were tested on 
the Win-Shift task. 
Results and Discussion 
The results ofthis experiment are shown in Figure 7a. As previously reported 
(Chai and White, 2004), normal rats that were given three pre-exposure sessions showed 
a CCP while the rats that were not pre-exposed did not. Both the MPX and SPX groups 
exhibited CCPs. 
There was a significant Treatment x Arm interaction (F [3,32] = 5.068, p< .006) 
and significant main effects of Treatment (F [3,32] = 2.917, p < .049) and Arm (F [1, 32] 
= 22.138, P < .001). Planned comparisons showed that the difference in time spent on the 
food-paired and unpaired arms was significant for the rats in the PX (F [1, 32] = 17.4432 
P < .001), MPX (F [1, 32] = 6.542, p < .025) and SPX (F [1,32] = 1l.63, P < .01) groups. 
This difference was not significant for the rats in the NPX group (F [1, 32] = .681). 
The win-shift data are shown in Figure 7b. Four rats in the MPX group died 
during the procedure so the results are based on the 7 remaining rats in this group. The 
rats' performance on this task improved gradually over the daily trials. Their 
performance was severely impaired on the day they received intrahippocampal muscimol, 
but retumed to normal the following day. A one- way repeated measures analysis of 
variance calculated on the numbers of errors made on days seven to nine revealed a 
significant effect of Day (F [2,12] = 17.841, P < .001). Post-Hoc analyses (Tukey's HSD) 
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Figure 7. Effects of Pre-pre-exposure Intra-hippocampal Muscimol Injections 
(A) Mean time spent in the Paired and Unpaired arms during the test trial in 
Experiment 1 (adjacent-arm CCP). (B) Mean errors made by the rats in the MPX 
group during win-shift training. AIl rats were given bilateral injections of muscimol on 
day 8 (arrow) (errorbars = s.e.m.). 
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revealed that rats made significantly more errors on day eight than on either day seven (F 
[1,6] = 30.60, P < .003) or day nine (F [1,6] = 22.244, P < .006). 
As previously reported by Chai and White (2004) the present resuIts show that 
rats do not leam to discriminate between adjacent radial maze arms (i.e., acquire a CCP) 
unless they have had an opportunity to explore the maze first. Those authors found that 
lesions ofthe dorsal hippocampus made before or after pre-exposure impaired adjacent 
arms CCP leaming. Because it appeared that the lesions blocked CCP leaming itself, it 
was impossible to determine the effect of compromised hippocampal function 
specifically on the facilitating action of pre-exposure. 
In the present study temporary inactivation of the dorsal hippocampus during pre-
exposure had no effect on CCP leaming. The observation ofpoor (close to chance) win-
shift performance following the muscimol injections suggests that the treatment impaired 
hippocampal function. The assumption that the injections had the same effect when given 
before pre-exposure on the CCP task, combined with the presence of a CCP following 
this treatment, leads to the conclusion that normal function of the dorsal hippocampus is 
not required for the leaming that occurs during the pre-exposure sessions. 
The idea that a fully functional hippocampus is not required for the acquisition of 
information during pre-exposure is consistent with the findings of Kimble and Bre-Miller 
(1981), who found that dorsal hippocampus lesions impaired the ability of thirsty rats to 
leam the location of water in a maze but did not affect latent leaming produced by 
unreinforced pre-exposure to the maze. Both this and the present findings are consistent 
with the hypothesis that the dorsal hippocampus is not involved in the latent or incidental 
47 
learning that occurs during unreinforced exploration of an environment (Blodgett, 1929; 
Tolman, 1930). However, as shown by the win-shift impairment, a functional dorsal 
hippocampus is required to perform a task - finding food in this case - that uses spatial 
information. 
Preventing the rats from moving around on the maze by confining them to the 
ends of the arms during the training trials may prevent acquisition of spatial information 
(Sutherland & Hamilton, 2004; Alyan, 1994; Sutherland, 1985; Vanderwolf, 1969; 
Morris, Black and O'Keefe, 1976). Hence, the rats in the NPX group failed to exhibit a 
CCP. The fact that the spatial inforination is not leamed during the training trials means 
that the information acquired during pre-exposure must be combined with information 
about the location of food, available only during the training trials, to produce the 
observed discrimination. 
Experiment 2 
Temporary Inactivation of the Dorsal Hippocampus during Training 
The findings of Experiment 1 suggested that dorsal hippocampallesions had no 
effect on leaming during pre-exposure. Therefore, the elimination of adjacent arms CCP 
learning by hippocampallesions found by Chai and White (2004) may have been due to 
impairments in leaming the location ofthe food during the training trials and/or in 
expressing this information during the test trial. Therefore, in this experiment we tested 
the effects of intra-hippocampal muscimol injections identical to those used in 
Experiment 1, given before the training trials. 
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Sixteen rats were used. Seven were assigned to the muscimol group (Muscimol) 
and 9 to the saline (Saline) group. The rats received muscimol or saline injections before 
each training trial. 
Results and Discussion 
The results for the pre-training injection groups are shown in Figure 8. Rats that 
received saline injections preferred their food-paired arms, but rats trained with 
hippocampal inactivation did not exhibit a CCP. There was a significant interaction 
between Groups and Arm-Choice (F [1, 14] = 5.89, P < 0.03). Planned comparisons 
showed that that there were significant differences in time spent in the food-paired and 
unpaired arms for the Saline (F [1, 14] = 9.48, P < 0.01), but not for the Muscimol group 
(F [1,14] = 0.61). 
Combined with the results of Experiment 1 in which inactivation ofthe dorsal 
hippocampus during pre-exposure did not result in impaired acquisition of a CCP, the 
results of Experiment 2 suggest that the lesions made before and after pre-exposure by 
Chai and White (2004) affected leaming during the training trials. 
Since it is thought that the rats cannot acquire spatial information during the 
training trials, hippocampal inactivation must have impaired leaming about the location 
of the food in the spatial environment. This may have involved sorne form of interaction 
with the information about the spatial environment previously acquired during pre-
exposure. Hippocampal inactivation during this stage may have impaired the rat' s ability 
to retrieve the spatial information acquired during the pre-exposure trials to combine it 
with information about food acquired during training. This impairment may have been 
due to the inability of the temporarily hippocampectomized rat to retrieve a 
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Figure 8. Effects of pre-training Intrahippocampal Muscimol on Adjacent-arm 
CCP 
Mean times spent in the paired and unpaired anns during the test trial. In rats with Pre-
training intrahippocampal injections ofmuscimol or saline (error bars = s.e.m.). 
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representation of the eues visible from both maze arms during exposure to one of the two 
sets, a process known as pattern completion (Gold & Kesner, 2005). 
Experiment 3 
Dorsal hippocampal inactivation while in the paired or unpaired arm. 
Two items of information, either ofwhich could be used to discriminate between 
the arms, are available to the rats during the training trials. They could make the 
discrimination by learning that food is available in one location or by learning the food is 
not available in another location. Since the rats in the previous experiment received 
intrahippocampal injections of muscimol before being placed on both the food-paired and 
no-food arms it was impossible to determine which ofthese kinds of information may 
have been used to make the discrimination. To answer this question, the effects of 
temporary inactivation of dorsal hippocampus while on either the food-paired or no-food 
arm was examined. 
Twenty-three rats were used in this experiment. The data for 4 were discarded due 
to cannula placements outside the boundaries of the dorsal hippocampus, leaving 9 rats 
that received intrahippocampal muscimol before being placed on their food-paired (MP) 
arms and 10 that received muscimol before being placed on their unpaired arm (MUP). 
Resu/ts and Discussion 
The results of the preference test are shown in Figure 9A. There was no 
significant Group (F [1, 17J = 0.66, P < .42). There was, however, a significant effect of 
Arm-Choice or arm choice (F [1,17] = 8.70 P < .008) but no significant group x Arm-
Choice interaction (F [1,17] = 1.7061, P < .42). Planned comparisons showed that the rats 
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Figure 9. Pre-training Muscimol (Paired versus Unpaired) Results 
(A) Mean tirnes (SEM) spent in the paired and unpaired arrns during the test trial 
in Experirnent 3 for rats that received rnuscirnol before training on the food-paired 
arrn (MP) only or on the no-food arrn (MUP) only. (B) Mean tirnes (SEM) spent in 
the paired and unpaired arrns during the test trial in Experirnent 4 for rats with 
arnygdala lesions that received rnuscirnoI before training on the food-paired arrn 
(AMP) only or on the no-food arrn (AMUP) arrn only. 
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that were inactivated while on the food-paired ann spent significantly more time 
on their food-paired paired than on their no-food anns (F [1,17] = 8.60, P < .004). There 
was no significant difference (F [1, 17] = 1.021) in the times spent on the two anns by the 
rats that were inactivated on their no-food ann. The presence of a CCP in the rats trained 
with dorsal hippocampus inactivation while on their food-paired anns shows that any 
effects of the muscimol injections on food consumption did not affect the ann 
discrimination. It also shows that any pennanent damage to the hippocampus that may 
have been caused by the injections did not produce sufficient functional impainnent to 
affect the discrimination. 
The finding that leaming the adjacent anns discrimination requires a functional 
dorsal hippocampus while the rats are on the no-food ann suggests that nonnal rats leam 
about the absence of food in that spatial location. This recalls early theories about the 
function of the hippocampus (Douglas, 1967; Kimble, 1968) that described the effects of 
hippocampallesions as a release of "behavioral inhibition". According to this idea, the 
nonnal hippocampus would inhibit entry to the no-food ann. The lesions would 
eliminate this inhibition. In the present study the rats foraged for food on the test trial. 
Hippocampus-based infonnation about the lack of food in the no-food ann would result 
in a tendency to spend less foraging time there producing a preference for the food-paired 
ann. However, preventing the hippocampus from acquiring this infonnation by 
inactivating it while the rats are on the no-food ann would eliminate the preference as 
was observed in the present experiment. 
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It remains surprising that hippocampal inactivation while on the food arm had no 
effect, a result that could be taken to suggest that the rats do not learn about the location 
of food while on the food-paired arm. Experiment 4 tested an alternative hypothesis 
about this finding. 
Experiment 4 
Dorsal Hippocampal Inactivation In Rats With Lesions Of The Lateral Nucleus Of 
The Amygdala While On The Food-Paired Or Unpaired Arms. 
Chai & White (2004) found that lesions ofthe lateral amygdala facilitated 
adjacent arms CCP learning. In their experiment rats were trained by confining them for 
30 min to one of three arms on each day of a three-day training trial. Two of the arms 
were adjacent to each other and one was on the other side of the maze. Food was present 
on one ofthe adjacent arms while the other two arms remained empty. In the test phase 
the rats were given a choice between the arm adjacent to the one that previously 
contained food and the widely separated arm. Normal rats spent more time in the arm that 
was adjacent to the arm that contained food during training even though this arm had 
never contained any food. This suggested that during training the rats acquired an 
amygdala-based response that did not discriminate between the adjacent food-paired and 
unpaired arms, possibly because they formed Pavlovian associations between the cues 
visible from both of these arms and the reinforcing effects of the food. This led to an 
undifferentiated conditioned approach response - an equal tendency to enter both the 
food-paired arm and the arms adjacent to it - on the test trial. 
Consistent with the idea that this response is due to Pavlovian conditioning, it was 
not observed in rats with lesions of the lateral amygdala (Chai & White, 2004). 
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This response may have been partly responsible for the CCP observed in 
Experiment 3 in rats trained with inactivated dorsal hippocampus while in the food-paired 
arm. These rats may have acquired an amygdala-based undifferentiated approach 
response to both the food-paired and unpaired arms while simultaneously learning to 
avoid the unpaired arm by a hippocampus based process. By keeping the rats out of the 
unpaired arm, the hippocampus-based behavior would have produced a preference for the 
food-paired arm. Hippocampal inactivation while on the unpaired arm may have 
prevented acquisition of information about the unpaired arm. These rats would therefore 
have entered both arms equally, eliminating the preference for the food-paired arm. 
Although this interpretation suggests that the rats leam about the location of no 
food, it does not reveal whether or not they also learn about the location of food on the 
food-paired arm. Elimination of the undifferentiated conditioned approach response by 
amygdala lesions should eliminate the CCP due to leaming about the no-food arm. The 
fact that amygdala lesions do not impair adjacent arms CCP learning (Chai & White, 
2004), suggests that the preference must be due to learning about the location of food in 
the food-paired arm. This hypothesis predicts that hippocampal inactivation while on the 
food-paired arm will impair the CCP in rats with amygdala lesions. 
The procedure used in this experiment was identical to the one used in 
Experiment 3 with the exception that it was done using rats with lesions of the lateral 
, 
amygdala. Out of the 23 rats used in this experiment, 5 were discarded due to cannula 
placement outside the boundaries of the dorsal hippocampus resulting in 10 rats that 
received intrahippocampal muscimol on the food-paired (AMP) arm and 9 that received 
muscimol on the no-food arm (AMUP). 
57 
Results and Discussion 
The results of Experiment 4 are shown in Figure 9B. There was no significant 
effect of Group (F [1,17] = 0.003, P < .09). However, there was a significant effect of 
Arm-Choice (F [1,17] = 7.71, P < .01) and a significant Group x Arm-Choice interaction 
(F [1,17] = 9.31, P < .007). Planned comparisons showed that there was no significant 
difference in the times spent in the food-paired and no-food arms by the rats trained with 
hippocampal inactivation while on their food-paired arms (F [1,17] = .40). The rats 
inactivated while on their no-food arms spent significantly more time in their food-paired 
than in their no-food arms (F [1,17] = 16.143, P < .01). This pattern of effects, the 
reverse of what was observed in rats with intact amygdalas in Experiment 1, is consistent 
with the hypothesis that hippocampus-based learning about the location of the food 
occurs while the rats are on the food-paired arm. The findings show that hippocampal 
inactivation on the food-paired arm in normal rats failed to impair the CCP (Experiment 
3) because although the hippocampus-based tendency to enter that arm was e1iminated it 
was replaced by the amygdala-based conditioned approach response. Since the 
hippocampus in these rats functioned normally while they were on the no-food arm, they 
acquired the normal tendency to avoid that arm, resulting in a preference for the paired 
arm due to the combined actions ofbehaviors resulting from amygdala and hippocampus-
based learning. 
In summary, these findings suggest that the adjacent arms discrimination occurs 
for different reasons in normal and amygdala-Iesioned rats. In normal rats the 
discrimination is based on the simultaneous action of amygdala-and hippocampus-based 
tendencies to enter and forage in the food-paired arm and the hippocampus-based 
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tendency to spend less time in the no-food ann. In amygdala-lesioned rats the 
discrimination results solely from the hippocampus-based tendency to enter and forage in 
the food-paired ann. 
The reversaI in the effects of the hippocampal inactivations produced by 
amygdala lesions can be thought of as due to both competition and co-operation between 
the behavioral tendencies produced during the test trial by the leamed infonnation in the 
two systems. The behavior of the rats with amygdala lesions pro vides infonnation about 
hippocampus-based leaming that is free from the influence of amygdala-based leaming. 
The absence of a CCP in the amygdala-lesioned rats trained with hippocampal 
inactivation while on the food-paired ann (Figure 1 OA, top) suggests that rats nonnally 
acquire hippocampus-based infonnation about the location of food in the maze 
environment during these trials, and that this infonnation causes them to spend more time 
foraging in that ann. The presence of a CCP in the rats trained with hippocampal 
inactivation while on the no-food ann (Figure 1 OA, bottom) suggests that hippocampal-
based leaming during those trials is not required to pro duce the CCP in amygdala-
lesioned rats. 
In rats with nonnal amygdala function (Figure lOB, top) hippocampal inactivation 
while on the food-paired ann presumably eliminated leaming about the location of food 
(as shown in the amygdala-lesioned rats). Nevertheless, these rats retained an amygdala-
based tendency to enter the food-paired ann, which partially accounts for the CCP 
observed. These parallel hippocampus- and amygdala-based tendencies to enter the food-
paired ann are an example of co-operation between 2 independent memory systems. 
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Figure 10. Interaction Of Hippocampus-and Amygdala-Based Learning 
The columns on the far left show the treatments received by the rats on the TRAINING trials; the anns are 
labeled Food (F) and No Food (NF). The columns next to these show the rats' behaviour during the TEST 
TRIAL; since there is no food on the anns during the test, this behavior is the result of the rats' previous 
experiences in the anns which are labeled Paired (P) and Unpaired (UP). The columns on the right show 
inferences about the infonnation acquired by the Hippocampus and Amygdala systems respectively. A: 
Lesioned Amygdala. Inactivating the hippocampus while the rats were confined on the F arm eliminated the 
discrimination. This suggests the normal hippocampus learns about the location of food during the training 
trial and that this information results in a tendency to enter the P arm (solid arrows) on the test trial. When 
learning this tendency was blocked the preference was eliminated. B: Nonnal Amygdala. Test Trial 
behavior is influenced by both hippocampus- and amygdala-based leaming. Chai & White (2004) showed 
that rats acquire an amygdala-based indiscriminate conditioned approach response that produces an equal 
tendency to enter both the P and UP anns (dotted arrows). Inactivating the hippocampus on the food-paired 
ann had no effect on the preference. Although these rats did not acquire a hippocampus-based tendency to 
enter the P arm, amygdala-based learning produced an equivalent behavior on the test trial (dotted Unes). 
Inactivating the hippocampus on the NF ann eliminated the preference. This suggests that the normal 
hippocampus learns there is no food on the NF arm and this information results in a tendency to spend Jess 
lime in the UP arm during the test. When leaming this infonnation was prevented the rats' tendencies to 
enter both arms were similar so there was no preference. C: Nonnal Rats. In nonnal rats given 3 pre-
exposures and 4 training trials the net tendency to enter the P arm on the test trial is greater than the 
tendency to enter the UP ann, resulting in a preference for the paired ann.The discrimination between the 2 
locations is the result of co-operation between the behaviors produced by the two systems on the P ann, and 
of competition between them on the UP ann. 
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In contrast, hippocampal inactivation on the no-food arm eliminated the CCP (Figure 
lOB, bottom). This suggests that the CCP in normal rats may depend on a hippocampus-
based tendency to spend less time foraging in the no-food arm. This tendency may 
normally compete with the amygdala-based tendency to enter the no-food arm, reducing 
the preference for that arm. Elimination of the opportunity to acquire this behavioral 
tendency by inactivating the dorsal hippocampal while the rats were confined on the no-
food arm during training would therefore attenuate or eliminate the CCP. 
However, as shown in Figure lOB, even if inactivation on the no-food arm 
eliminates a tendency to spend less time in that arm, both the hippocampus- and 
amygdala-based tendencies to enter the food-paired arm remain intact. Since amygdala-
based learning pro duces an equal tendency to enter both arms it does not contribute to a 
preference for the food-paired arm. But the hippocampus-based tendency to enter the 
food-paired arm might be expected to produce a preference for that arm, as it appears to 
do in amygdala-Iesioned rats inactivated while on the no-food arm (Figure 1 OA, bottom). 
Chai and White (2004) found that amygdala lesions facilitate the hippocampus 
based adjacent arms CCP in rats given only one pre-exposure. They suggested that the 
relatively poor spatial information acquired during a single pre-exposure resulted in a 
weak hippocampus-based tendency to enter the food-paired arm, and that in normal rats 
this tendency was disrupted by interference from the amygdala-based tendency to enter 
both arms. In the present experiment the hippocampus-based preference following 
inactivation on the no-food arm was observed only in rats with amygdala lesions. 
Although the rats in this study had 3 pre-exposures, it remains possible that amygdala-
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based interference with the hippocampus-based tendency to enter the food-paired arm 
eliminated the preference in the normal rats that were trained with hippocampal 
inactivation while on the no-food arm (Figure lOB, bottom). This possibility will require 
further investigation. 
As illustrated in Figure 10C, the net effects of these parallel influences in normal 
rats results in behavior that discriminates between spatial locations defined by adjacent 
maze arms. 
Experiment 5 
Temporary Inactivation of the Dorsal Hippocampus during Testing 
In this experiment the effect of temporary inactivation of dorsal hippocampus 
during the test phase ofthe adjacent arm CCP was examined. 
Seventeen rats were used in this experiment. Seven were assigned to a muscimol 
group (Muscimol) and lOto a saline (Saline) group. AlI rats received their injections 30 
minutes before the test trial. 
Results and Discussion 
The results for the pre-testing injection groups are shown in Figure Il. Rats that 
received saline injections exhibited a preference for their food-paired arms, but the group 
tested with hippocampal inactivation did not exhibit a CCP. The ANOVA revealed a 
significant interaction between Groups and Arm-Choice (F [l, 15] = 4.66, P < 0.05). 
Planned comparisons showed that there was a significant preference for the food-paired 
arm in the group that received pre-testing saline injections (F [1, 15] ,= 7.89, P < 0.02), 
but no significant preference in the group that received muscimol (F [1, 15] = 0.65). 
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Figure 11. Pre-testing Muscimol Results 
Mean times spent in the paired and unpaired arms 
during the test trial. In rats with Pre-testing intrahippocampal injections of 
muscimol or saline (errorbars = s.e.m.). 
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These results show that the hippocampus is necessary for the retrieval of 
information acquired during both the pre-exposure and training trials, and for the use of 
this information to express the adjacent-arms CCP on the test trial. 
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CHAPTER4 
THE EFFECTS OF TEMPORARY INACTIVATION OF THE ENTORHINAL 
CORTEX IN THE ADJACENT ARM CCP PARADIGM 
ln Chapter 3 it was found that leaming and expressing the adjacent-arms 
CCP occurs in two dorsal hippocampus-dependent phases, training and testing, and one 
phase, unreinforced pre-exposure, that is not dependent on the dorsal hippocampus. 
These results suggest that spatialleaming may involve the acquisition of two different 
kinds of information. One of these kinds of information, that may be acquired during 
unreinforced exploration of the maze environment during pre-exposure, may consist of 
"pure" spatial information. This may be leamed and stored in extra-hippocampal areas as 
a spatial map to be used at a later time, when it is recalled and combined with information 
about specifie locations that do and do not contain food. 
One brain area in which this information may be processed is the entorhinal 
cortex. The role of the entorhinal cortex in spatialleaming remains to be clarified, with 
sorne studies finding impairments in spatialleaming in rats with entorhinal cortex lesions 
(Cho & Kesner, 1996; Good & Honey, 1997; Hagan et al., 1992; Olton et al., 1978; 
Parron & Save, 2004; Schenk & Morris, 1985) and others finding no impairments 
(Bannerman et al., 2001; Galani et al., 2002; Oswald et al., 2003). 
The entorhinal cortex serves as an interface between the hippocampus and 
association areas of the neocortex (Burwell, 2000). There is evidence that the dorsal 
entorhinal cortex may mediate a neural place code that works in conjunction with 
hippocampal place cells (O'Keefe & Dostrovsky, 1971; O'Keefe, 1976; O'Keefe & 
Conway, 1978) in the creation of spatial maps (Fyhn et al., 2005; Hafting et al., 2005). 
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This neural code may be computed by entorhinal neurons that fire according to a rats' 
position as it moves through a grid of place fields in the environment (Hafting et al., 
2005). Lesions of the dorsal entorhinal cortex, the area where these "grid cells" are 
found, but not of the ventral entorhinal cortex leads to spatial memory impairments in 
rats (Steffenach et al. 2005). 
This evidence suggests that the dorsal entorhinal cortex may acquire and store 
visuospatial information, or it may be involved in processing this information. Since this 
information is thought to be acquired during pre-exposure in the CCP task, adjacent arms 
CCP learning should be impaired by inactivating the entorhinal cortex during pre-
exposure. Since the acquired information must be recalled during either training or 
testing, or both, entorhinal inactivation during either or both of these phases should also 
impair adjacent arms CCP learning. 
In this thesis, inactivation of the ventral entorhinal cortex impaired learning 
during training and testing. However, preliminary data showed that inactivation of the 
ventral entorhinal cortex did not affect learning during pre-exposure. The findings of 
Steffenach et al. (2005) that dorsal entorhinal cortex lesions led to spatial memory 
deficits led to the hypothesis that inactivation of the dorsal entorhinal cortex would be 
effective. Therefore the experiment examined the effects of inactivation of the dorsal 
entorhinal cortex during pre-exposure but of the ventral entorhinal cortex during training 
and testing. 
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Experiment 6 
Temporary Inactivation of the Entorhinal Cortex during Pre-Exposure 
In this experiment the effect of temporary inactivation of the dorsal entorhinal 
cortex during unreinforced exploration of the maze (pre-exposure), was examined. 
Fourteen rats were used in this experiment, 7 were assigned to a muscimol group 
(MUSC) and 7 to a saline group (SAL). AIl rats received injections ofmuscimol into the 
dorsal entorhinal cortex 30 minutes prior to each of the three pre-exposure trials. 
Resu/ts and Discussion 
The behavioral results are shown in Figure 12. There was no significant effect of Group 
[F (1,13) = 0.0001, p<.lO] and no effect of Arm-Choice [F (1,13) = 2.75, p<.l2] or of 
Group x Arm Choice interaction [F (1, 13) =.62, p<.44]. Planned comparisons showed 
that rats in the SAL group preferred their food-paired arms [F (1, 13) = 2.81, p<.05]. 
However, the rats in the MUSC group did not exhibit a preference [F (1, 13) = 0.39, n.s.]. 
This finding is consistent with the idea that the entorhinal cortex plays a critical 
role in the acquisition of unreinforced spatial information during the pre-exposure phase 
of the adjacent-arm CCP paradigm. This may be due to the contribution made by the 
entorhinal cortex to the processing of visuospatial information (Burwell 2000; Fyhn, 
Molden et al. 2004). This visuospatial information may be used in the creation of a 
spatial map. 
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Figure 12. Effects of pre-pre-exposure muscimol into the dorsal entorhinal cortex 
Mean times spent in the paired and unpaired arms 
during the test trial. In rats with Pre-pre-exposure entorhinal cortex injections of 
muscimol or saline (error bars = s.e.m.). 
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This spatial map which may be stored in the entorhinal cortex may then be retrieved by a 
process that involves the hippocampus and combined with reinforced information 
acquired during training. Altematively, because the entorhinal cortex is thought to be an 
interface between the hippocampus and cortical areas, this spatial information may also 
be stored in and retrieved from cortical areas also thought to be involved in spatial 
leaming. 
Experiment 7 
Relationship of Entorhinal Cortex and Fimbria-Fornix in Learning During 
Unreinforced Pre-Exposure 
Chai and White (2004) found that lesions ofthe fimbria-fomix made before but 
not after pre-exposure impaired the adjacent-arm CCP, suggesting that fimbria-fomix is 
important for acquisition but not for expression of information during unreinforced 
exploration. These findings, combined with those of Experiment 6, that inactivation of 
the entorhinal cortex during pre-exposure also impairs adjacent arms CCP leaming 
suggests the possibility that a circuit including the fimbria fomix and entorhinal cortex 
may be involved in the acquisition of unreinforced spatial information during pre-
exposure. This hypothesis is anatomically plausible because of the existence of a subset 
of fimbria-fomix fibers that originate in the medial septal area (Swanson 1977) course 
through the hippocampus and terminate in entorhinal cortex (Gaykema, Luiten et al. 
1990). 
This experiment addressed the question of whether the entorhinal cortex works 
with fimbria-fomix to acquire latent spatial information. This was done using a 
disconnection paradigm. Rats with unilaterallesions of the fimbria-fomix and cannulas 
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aimed at the contralateral entorhinal cortex were used. A group of control rats had 
fimbria-fornix lesions and entorhinal cannulas on the same side of the brain. The 
entorhinal cortex was inactivated during the pre-exposure trials only. The fimbria-fornix 
- entorhinal cortex circuit hypothesis predicted that adjacent arms CCP learning would be 
blocked in the contralateral group but normal in the ipsilateral group. 
Sixteen rats were used in this experiment, 8 had unilateral fimbria-fornix lesions 
and dorsal entorhinal cannulas on opposite sides ofthe brain (CONTRA) and another 8 
rats had the lesions and cannulas on the same side of the brain (IPSI). AlI rats received 
muscimol injections 30 minutes before each unreinforced pre-exposure trial. 
Results and Discussion 
The behavioral results are shown in Figure 13. There was a significant effect of 
Arm-Choice [F (1, 14) = 8.86, p<.OI] but not of group [F (l, 14) =.0839, p>.05] or Group 
x Arm-Choice interaction effect [F (1, 14) = 2.16, p<.l6]. Planned comparisons showed 
that the rats in the IPSI group preferred their food-paired arms [F (1, 14) = 9.93 P < .01] 
but the rats in the CONTRA group did not exhibit this preference [F (l, 14) = 1.11 n.s.]. 
The impairment of the rats in the CONTRA group was not due to an effect of 
muscimol on the exploratory activity in rats during pre-exposure. There was no 
difference in total mean unreinforced exploration time of the designated food paired and 
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Figure 13. Effects of pre-pre-exposure unilateral muscimol injections into the 
dorsal entorhinal cortex and contralateral fimbria-fornix lesions 
Mean times spent in the paired and unpaired arms 
during the test trial. In rats with Pre-pre-exposure unilateral entorhinal cortex injections 
ofmuscimol and contralateral as weIl as ipsilateral fimbria-fomix lesions (errorbars = 
s.e.m.). 
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unpaired anns across the three unreinforced pre-exposure trials between the rats in the 
IPSI and CONTRA groups [t (94) = 1.708 n.s.]. 
The results of this experiment suggest that the infonnation acquired during pre-
exposure trials depends on an intact circuit involving the entorhinal cortex and the 
fimbria-fomix. This conclusion is consistent with a previous demonstration (Olton, 
Walker et al. 1982) that contralaterallesions of entorhinal cortex and fimbria-fomix 
impair spatialleaming on the win-shift task on a radial maze. 
The conclusion applies only to the unreinforced leaming that occurs during pre-
exposure. Since bilateral fimbria-fomix lesions made after pre-exposure have no effect 
on adjacent anns CCP leaming (Chai & White, 2004), it is unlike1y that a similar circuit 
is involved in leaming about the locations of food and no-food during training, or in 
expressing the CCP during the test. The latter two phases of the CCP task are dependent 
on the hippocampus (Chapter 3 ofthe present thesis). In the following experiments we 
examined the involvement of the entorhinal cortex in these two phases of the task. 
Experiment 8 
Temporary Inactivation of the Entorhinal Cortex During Training 
This experiment tested the importance of the ventral entorhinal cortex during 
training. Sixteen rats were used in this experiment, 6 were assigned to a muscimol group 
(MUSC) and 6 to a saline group (SAL). 
Results and Discussion 
The behavioral results are shown in Figure 14. There was a significant effect of 
Group [F (1, 14) = 7.39, p<.Ol] and of Ann-choice [F (1, 14) = 12.124, p<.003] as well 
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as a Group x Ann-choice interaction [F (1, 14) = 4.84, p<.05]. Planned cornparisons 
showed that rats in the SAL group preferred their food-paired anns [F (1, 14) = 16.148, 
p<.001]. However, the rats in the MUSC group did not exhibit a preference [F (1, 14) = 
0.82, n.s.]. 
This fin ding is consistent with the idea that adjacent anns CCP leaming requires a 
functional entorhinal cortex during the training trials. This rnay involve sorne 
cornbination of retrieving the stored spatial infonnation acquired during pre-exposure and 
acquisition and storage of infonnation about the location of food acquired during the 
training trials. Since an intact hippocarnpus is also required during training, these 
processes would probably involve an interaction between these two structures. 
Experiment 9 
Temporary Inactivation of the Dorsal Entorhinal Cortex during Testing 
In this experirnent the effect of ternporary inactivation of ventral entorhinal cortex 
during the training phase ofthe adjacent-ann CCP paradigm was exarnined. Fourteen rats 
were used in this experirnent, 7 were assigned to a rnuscirnol group (MUSC) and 7 to a 
saline group (SAL). 
Results and Discussion 
The behavioral results are shown in Figure 15. There was a no significant effect 
of Group [F (1, 14) = 0.026, p<.86] or of Ann-choice [F (1, 14) = 3.65, p<.07]. However, 
there was a significant Group x Ann-Choice interaction [F (1, 14) = 6.46, p<.02]. 
77 
Figure 14. Pre-training Muscimol Results 
Mean times spent in the paired and unpaired arms during the 
test trial. In rats with Pre-pre-training entorhinal cortex 
injections of muscimol or saline (error bars = s.e.m.). 
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Figure 15. Effect of Pre-Testing Intra-Entorhinal 
Injections of Muscimol on the Adjacent-Arm CCP 
Mean times spent in the paired and unpaired arms 
during the test trial. In rats with Pre-testing entorhinal cortex 
injections of muscimol or saline (error bars = s.e.m.). 
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Planned cornparisons showed that rats in the SAL group preferred their food-paired arms 
[F (1, 14) = 9.915, p<.007. However, the rats in the MUSC group did not exhibit a 
preference [F (1, 14) = 0.19, n.s.]. 
This finding suggests that the entorhinal cortex is involved, together with the 
hippocarnpus (Experirnent 4) in the retrievaI of information about the spatial location of 
food and the use of that information to express a CCP. 
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CHAPTERS 
GENERAL DISCUSSION 
This thesis examined the role played by the hippocampus, entorhinal cortex, 
fimbria-fornix and amygdala in spatial discrimination. This was done using temporary 
inactivation of the dorsal hippocampus and entorhinal cortex. Lesions ofthe amygdala 
and fimbria-fornix were also used to assess the interactions that may exist between these 
brain areas and the hippocampus and entorhinal cortex respectively. The results are 
summarized in Table 1. 
The hippocampus has long been thought to be necessary for spatiallearning 
(O'Keefe & Dostrovsky, 1971; O'Keefe, 1976; O'Keefe & Conway, 1978; Morris, 1984; 
Brown & Giumetti, 2006; Dudchenko & Taube, 1997; Olton & Papas, 1979; Taylor, 
Kozak, Latimer, & Winn, 2004). However, the role played by the hippocampus in spatial 
learning remains controversial. The prevailing idea is that the hippocampus forms spatial 
maps (O'Keefe and Nadel, 1978) of the environment by forming relationships among 
distal spatial cues (Eichenbaum, 2000; Eichenbaum & Cohen, 1988; Eichenbaum, 
Dudchenko, Wood, Shapiro, & Tanila, 1999; Eichenbaum, Otto, & Cohen, 1992). Others 
have proposed the idea that the hippocampus mediates the separation of ambiguous 
representations (Gilbert, Kesner, & DeCoteau, 1998), and the grouping of stimuli through 
the formation of conjunctive representations (WickeIgren, 1979; Mishkin & Petri, 1984; 
Sutherland et al., 1989). It has also been proposed that the hippocampus is involved in the 
retrieval of an entire array of cues upon presentation of only a subset of them in a process 
ofpattern completion (Gold & Kesner, 2005). 
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Table 1. Summary of inactivation and lesion effects 
for aIl phases of the adjacent-arm CCP paradigm. 
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Structure Treatment Pre-exposure Training Testing 
Hippocampus inactivation in no impairment impaired impaired 
both arms 
Hippocampus inactivation in NIA impaired with NIA 
paired or unpaired but 
unpaired arm not paired-arm 
inactivation 
Amygdala lesion + NIA impaired with NIA 
hippocampal paired but not 
inactivation in unpaired-arm 
either arm inactivation 
Entorhinal inactivation impaired impaired impaired 
Cortex 
Fimbria/Fomix assymetrical impaired NIA NIA 
Iesion + 
entorhinaI 
inactivation 
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It is also debated whether regions adjacent to the hippocampus such as the perirhinal, 
postrhinal and entorhinal cortex play a different role in memory (Mumby, 2001; Murray 
et al., 2000) or whether they act solely to funnel information to the hippocampus from the 
neocortex (Squire, 2004; Zola-Morgan et al., 1994). 
In this thesis the nature of spatialleaming itself was put into question. Most of 
the theories proposed for the role of the hippocampus in spatialleaming were derived 
from observations of animaIs performing tasks in which food was used to either get 
animaIs to move around, as is the case in place cell studies (McNaughton, Bames, & 
Q'Keefe, 1983; Q'Keefe & Speakman, 1987; Shapiro, Tanila, & Eichenbaum, 1997; 
Smith & Mizumori, 2006; Wilson et al., 2003), or to motivate the animaIs to perform a 
certain response, as in a variety of studies using mazes (Brown & Giumetti, 2006; 
Dudchenko & Taube, 1997; QIton & Papas, 1979; Taylor, Kozak, Latimer, & Winn, 
2004). The results of the present thesis suggest that these experimental arrangements 
may confound assessment of the role of the hippocampus in spatialleaming. The current 
resuIts suggest a distinction between acquiring spatial information and using that 
information to attain a goal of sorne kind, as represented by a reinforcer in experiments 
with rats. 
The distinction between spatial information and its use to attain a goal is an old 
one. It was first demonstrated in 1929 (Blodgett, 1929; Tolman & Honzik, 1932), in a 
demonstration of latent leaming. In these experiments rats given unreinforced pre-
exposure trials to a maze made significantly fewer mistakes in subsequently finding food 
on that maze then ratas not given pre-exposure trials. This was called latent leaming 
because it was not immediately apparent that the rats acquired any information during the 
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unreinforced pre-exposure trials. lt only became obvious that the rats had leamed 
something about their spatial environment during these trials when they were facilitated 
in finding food on the maze during subsequent trials. 
An early and largely ignored study (Kimble & Bre-Miller, 1986) showed that 
although lesions of the dorsal hippocampus impaired rats' ability to find water on a maze, 
they had no effect on the improvement in that ability that was produced by allowing the 
rats to explore the maze with no reinforcement present before the start of reinforced 
training. The finding suggests that latent (unreinforced) spatialleaming must depend on 
sorne part of the brain other than the dorsal hippocampus. The experiments in this thesis 
addressed the issues ofthe role ofthe hippocampus in latent and reinforced leaming, the 
interaction ofhippocampus and amygdala-based reinforced leaming; the experiments 
also demonstrated that the entorhinal cortex and fimbria-fomix are critical structures for 
latent leaming. 
The experiments in Chapter 3 focused on the effects of temporary inactivation 
of the dorsal hippocampus during each of the stages of adjacent-arm CCP leaming. In 
Experiment 1 inactivation of the dorsal hippocampus during the unreinforced pre-
exposure phase did not impair acquisition of a CCP, whereas inactivation of the dorsal 
hippocampus during training in Experiment 2 impaired CCP acquisition. 
Because the rats received mus ci mol before being placed on both the paired and 
unpaired arms a question remained as to whether the hippocampus acquires information 
only while the rat is on the food-paired arm, or wh ether it also leams (or participates in 
leaming) that the unpaired arm is empty. To answer this question the dorsal 
hippocampus was inactivated before placement on the paired or on the unpaired arm. 
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Paradoxically, it was the rats trained with hippocampal inactivation while on the unpaired 
arm only that were impaired. This effect was reversed in Experiment 4 when the same 
experiment was repeated using rats with amygdala lesions. In this case, rats trained with 
hippocampal inactivation while on the food-paired arm only were impaired. 
Finally, in Experiment 5 rats tested with hippocampal inactivation were impaired 
in the expression of a CCP. 
The Experiments in Chapter 4 focused on the effects of temporary inactivation of 
the entorhinal cortex during each stage of the adjacent-arm CCP paradigm. The results of 
Experiment 6 show that the entorhinal cortex is necessary for the acquisition of spatial 
information during unreinforced pre-exposure trials. Experiment 7 showed that the 
entorhinal cortex may participate in acquiring this information as part of a circuit that 
also includes the fimbria-fornix. In Experiment 8 rats trained with inactivation of the 
entorhinal cortex were impaired in acquisition of the CCP. This suggests that the spatial 
information acquired during pre-exposure may be stored in the entorhinal cortex or that 
acquisition of relevant information during training necessarily involves the entorhinal 
cortex. Experiment 9 showed that the entorhinal cortex is also involved in the retrieval of 
information during testing. 
Spatial Learning 
Taken together, these findings can be used to construct a tentative model of sorne 
of the pro cesses that contribute to the acquisition of spatiallearning and its control of 
behavior. A major contribution of the present thesis has been to demonstrate that spatial 
learning comprises at least two different kinds of information mediated in different parts 
of the temporal lobes. This is made possible by the conditioned eue preference paradigm, 
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which separates the opportunities to acquire the different types of information. During 
pre-exposure rats acquire information without reinforcement. This information is 
necessary for the acquisition of a CCP during training and is an example of latent 
leaming (Blodgett, 1929; Tolman & Honzik, 1930). This information is possibly 
combined with food-information acquired during training to produce accurate 
localization of the location of the food on the maze. This information results in 
discrimination between the arms during testing. 
Unreinforced Spatial Information 
Experiments 6 and 7 showed that the dorsal entorhinal cortex and the fimbria 
fomix are parts of a circuit that acquire information about the environment during 
unreinforced exploration. As already mentioned, although the precise nature of this 
information is debated, it is generally assumed that the hippocampus is central to its 
acquisition and expression. 
The present findings suggest that the hippocampus is not the only brain structure 
involved in spatialleaming. Specifically, the results suggest that unreinforced spatial 
information may be acquired and stored by cortical networks outside the hippocampus. 
The surprising finding of Experiment 1 showing that a functional hippocampus is not 
required for acquisition of information during unreinforced pre-exposure is consistent 
with the original report ofKimble and Bre-Miller (1981). This finding and the findings 
of the present thesis contradict the idea that the hippocampus is crucial for the 
unreinforced acquisition of spatial information (Bames, 1988; Jarrard, 1993; Kesner, 
Evans, & Hunt, 1987). 
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Entorhinal Cortex 
The idea that the entorhinal cortex is involved in spatialleaming is not new (Cho 
& Kesner, 1996; Good & Honey, 1997; Hagan et al.,1992; Olton, Walker, & Gage, 1978; 
Parron & Save, 2004; Schenk & Morris, 1985; Steffenach et al., 2005; Hafting et al., 
2005). It has been found that the entorhinal cortex contains cells, afferent to hippocampal 
place-cells, with positional firing properties (Quirk, Muller, Kubie, & Ranck, 1992). This 
suggested that spatial information is processed in the cortex before it is processed by the 
hippocampus. It was shown that the hippocampus may receive this information from the 
entorhinal cortex to support spatialleaming (Brun et al., 2002). It was also shown that the 
entorhinal cortex contains cells that that fire when rats move through specific areas 
within place fields that comprise a grid of equilateral triangles (Hafting, Fyhn, Molden, 
Moser, & Moser, 2005). Finally lesions of the dorsolateral entorhinal cortex have been 
shown to impair spatialleaming in rats (Fyhn, Molden, Witter, Moser, & Moser, 2004) 
These results may indicate that although the processes involved in the creation of 
a spatial map are thought to be dependent on the hippocampus they may also be 
dependent on the entorhinal cortex and its interaction with other brain areas. A similar 
conclusion is suggests by the present results. 
Fimbria-Fornix 
In a previous experiment (Chai & White, 2004) bilaterallesions of the fimbria-
fomix impaired latent leaming when made before pre-exposure but had no effect when 
made after pre-exposure but before the training trials. In Experiment 7 lesions of the 
fimbria-fomix on one side of the brain combined with inactivation of the entorhinal 
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cortex on the other before pre-exposure resulted in impainnent of the CCP. A number of 
studies have shown that bilateral fimbria-fomix lesions produce spatialleaming deficits 
(Aggleton, Neave, Nagle, & Hunt, 1995; Galani et al., 2002; OIton & Werz, 1978; 
Walker & OIton, 1979), which are generally attributed to a the elimination of 
communication between the septum and the hippocampus (Ammassari-Teule & Maho, 
1992; Galey, Toumane, Durkin, & Jaffard, 1989; Izquierdo & Medina, 1995; Marighetto, 
Durkin, Toumane, Lebrun, & J affard, 1989). However, the present findings suggest that 
these deficits may be due specifically to impainnents in the acquisition ofunreinforced 
(pure) spatial infonnation and that they do not involve the hippocampus when no 
reinforcers are present. 
The fimbria-fomix contains cholinergic inputs to both the hippocampus (Kiss, 
Patel, Baimbridge, & Freund, 1990; Naumann, Linke, & Frotscher, 1992; Senut, 
Menetrey, & Lamour, 1989; Wainer, Levey, Rye, Mesulam, & Mufson, 1985) and the 
entorhinal cortex (Alonso & Kohler, 1984; Gaykema et al., 1990; Mitchell, Rawlins, 
Steward, & OIton, 1982; Woolf, Hemit, & Butcher, 1986) and both ofthese projections 
have been implicated in memory functions. The present findings suggest the possibility 
that entorhinal cortex projections from the septum are critical for unreinforced spatial 
leaming but that the ones tenninating in the hippocampus are not. Reports that spatial 
memory impainnents induced by septal inactivation with muscimol can be reversed by 
inhibition of acetylcholinesterase in the entorhinal cortex (Degroot & Parent, 2000), and 
that lesions ofthe fimbria fomix result in the reduction of c-fos expression in both the 
septum and entorhinal cortex (Vann, Brown, Erichsen, & Aggleton, 2000) are consistent 
with this suggestion. 
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Place Cells 
The present findings also have implications for understanding the function of 
hippocampal place cells (O'Keefe & Dostrovsky, 1971; O'Keefe, 1976; O'Keefe & 
Conway, 1978), that fire when a rat is in a particular place in an environment. The 
findings suggest that place fields may not be controlled by spatial information alone. 
Virtually all the studies examining the activation of place cells make use of food rewards 
in order to make rats move around the environment. (McNaughton et al., 1983; O'Keefe 
& Speakman, 1987; Shapiro et al., 1997; Smith & Mizumori, 2006; Wilson et al., 2003) 
When no food reward is present, at least one study using mice suggests that the stability 
of the place fields represented by these cells may be compromised (Kentros, Agnihotri, 
Streater, Hawkins, & Kandel, 2004). 
This finding suggests that, although the hippocampus may pro cess spatial 
information during unreinforced pre-exposure this short-lived activity may be initiated 
by input from entorhinal neurons to the CAl cells ofhippocampus (Witter, 1993; Witter 
et al., 1989; Brun et al., 2002). This control ofhippocampal cell activity by input from 
entorhinal cortex is consistent with the finding that the hippocampus is not necessary 
during the unreinforced pre-exposure phase of the adjacent-arm CCP paradigm in 
Experiment 1. 
Interaction of hippocampus and entorhinal cortex 
Experiments 5 and 8 showed that both the hippocampus and entorhinal cortex are 
involved in the acquisition of information involving food and, in the case of the 
hippocampus at least, no food. It is therefore possible that the two structures interact in 
the acquisition and storage of the information acquired during training. Exposure to the 
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already familiar cues when a rat is placed on an arm may serve to reactivate the spatial 
information acquired during pre-exposure by a process ofpattern completion (Gold & 
Kesner, 2005). In this study rats performed a task in which the use of environmental cues 
was crucial for finding the location offood. Normal, but not hippocampally lesioned rats 
performed correctly when only subset of the original cues was presented during testing. 
Pattern completion may lead the hippocampus to retrieve pre-exposure 
information during training; leading to a process similar to the one suggested the notion 
ofreconsolidation (Lewis, 1979; Misanin, Miller, & Lewis, 1968; Nader, Schafe, & Le 
Doux, 2000). According to this idea, recently re-activated memories are labile and 
therefore subject to change before being consolidated again. Although reconsolidation 
has been considered only as a local, cellular phenomenon (Nader, Schafe, & Le Doux, 
2000) the present findings suggest the possibility that it could function across related 
structures to combine information mediated in each ofthem (Alvarez & Squire, 1994; 
Squire & Alvarez, 1995). 
There are similarities between the adjacent-arm CCP paradigm and a commonly 
used paradigm to assess object-recognition memory in rats. In the novel-object 
preference paradigm (NOP) (Ennaceur & Delacour, 1988), rats are exposed to two 
identical copies of an object in an open field. Following a retenti on interval the rats are 
placed back in the open field, only this time one of the identical objects is replaced with a 
novel object. Normal rats spend more time with the novel object than with the one 
previously experienced. This is taken as object-recognition memory because in order to 
spend more time with the novel object the rats have to recognize the familiar object. 
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Both the CCP and NOP paradigms have an unreinforced pre-exposure phase. In 
the case of the CCP the pre-exposure phase consists of exploring the spatial environment 
with no reinforcers present. In the NOP paradigm rats explore identical objects with no 
reinforcers present and may concurrently process spatial information. In both paradigms 
rats are required to retrieve information acquired during the pre-exposure phase, in the 
CCP paradigm during testing and in the NOP paradigm during testing. As is the case for 
latent spatialleaming, object-recognition memory is not dependent on an intact 
hippocampus (Ainge et al., 2006; Duva et al., 1997; Mumby, 2001; Mumby, Gaskin et 
al., 2002; Murray & Mishkin, 1998; Rothblat & Kromer, 1991) but does depend on 
adjacent cortical areas (Ennaceur & Aggleton, 1997; Liu & Bilkey, 2001; Mumby, Glenn 
et al., 2002; Norman & Eacott, 2004; Winters & Bussey, 2005). 
The hippocampus may not be necessary during the pre-exposure phases of the 
CCP and NOP paradigms because only the acquisition of information about individual 
objects may occur during this phase. The difference may lie in what becomes of this 
information when it is retrieved. In the NOP paradigm the information can be used 
without further processing to recognize the familiar object. This may explain why this 
task is not hippocampus-dependent. In the CCP paradigm information about objects in 
the environment must be processed into a spatial map by a hippocampus-dependent 
process (Wickelgren, 1979; Mishkin & Petri, 1984; Sutherland et al., 1989) which could 
occur during the training or test trials. 
Expression of CCP 
The impairment of expression of the CCP when the dorsal hippocampus was 
inactivated during testing in Experiment 5 may be due to a failure of retrieval of stored 
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infonnation acquired during training and testing. One possibility is that the entorhinal 
cortex is also involved in the process of pattern completion attributed to the hippocampus 
(Gold & Kesner, 2005). This pattern completion process may occur when entorhinal 
neurons are activated as the rat walks through a grid of place fields (Hafting et al., 2005) 
established during pre-exposure to the maze when placed back in the identical situation 
during testing. In turn, this activation of entorhinal neurons may activate hippocampal 
place cells which incorporate the location of food on the maze during training. 
Non-interactional hypothesis 
Another possibility is that the unreinforced spatial infonnation acquired by the 
entorhinal cortex during pre-exposure and the infonnation about food acquired by the 
dorsal hippocampus during training are never combined, but that the pure spatial 
infonnation acquired during pre-exposure must al ways be retrieved by entorhinal cortex 
itself. This is also consistent with the finding that both the dorsal hippocampus and the 
entorhinal cortex were necessary during training. 
A possible role for the hippocampus during training may be to group the cues 
mostly visible from the food-paired ann and to separate them from the eues visible from 
the unpaired anns. The hippoeampus may then group these cues with the appropriate 
arrns. Conceptually, this process may correspond to the hypothesized role for the 
hippocampus in pattern separation (Gilbert et al., 1998) and in the fonnation of 
conjunetive representations (O'Reilly & Rudy, 2000, 2001) of environmental eues. 
Concurrently, the entorhinal cortex may retrieve the spatial representation it 
aequired during unreinforced pre-exposure trials independently from the hippocarnpus. 
The discrimination observed during the test phase may be a result of the independent 
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retrieval of infonnation from both the entorhinal cortex and dorsal hippocampus. It is 
possible that this infonnation is only integrated by a third brain region when the 
infonnation leamed by both the entorhinal cortex and dorsal hippocampus becomes 
relevant to finding food on the maze. One candidate region for integration between 
infonnation about food and spatial location may be the prefrontal cortex. It was found 
that sorne cells in the prefrontal cortex of monkeys are selectively responsive to object 
identity while others are sensitive to location (Rao, Rainer, & Miller, 1997; Wilson, 
Scalaidhe, & Goldman-Rakic, 1993). 
This idea may also be supported by anatomical connections. Both the entorhinal 
cortex (Munoz & Insausti, 2005; Insausti, Herrera & Witter, 1997) and hippocampus 
(Ferino, Thierry & Glowinsky, 1997; Swanson, 1981) have direct efferent projections to 
the pre frontal cortex. 
ParaUe! processing 
Parallel processing occurs when infonnation about environmental stimuli is used 
by more than one memory system in a competitive or cooperative manner. The striatum 
system mediates habit leaming where an animalleams simple stimulus-response 
associations between discrete proximal cues and reward (McDonald & Hong, 2004; Yin 
et al., 2004). The hippocampal system mediates the use of relationships among distal 
spatial cues to fonn spatial maps ofthe environment (O'Keefe and Nadel, 1978). Each of 
these systems could make use of the same cortically-based spatial (or other) infonnation 
(McDonald & White, 1994). 
These different ways of processing infonnation may sometimes compete with 
each other for behavioural output. Packard Hirsh & White (1989) and Mc Donald & 
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White (1993), found that lesions of the fimbria-fornix facilitated learning a task in which 
rats had to learn to consistently enter arms that were illuminated even though these arms 
were moved to different spatial locations. Lesions of the fimbria-fornix may have 
facilitated learning in this task because the hippocampal system may have learned the 
spatial location of the food which led to errors because the correct arms (indicated by 
illumination) had been moved. Lesioning the fimbria-fornix eliminated this form of 
learning and the errors it caused. 
Parallel processing between memory systems can also lead to cooperation. This 
can be observed when more than one memory system can mediate appropriate behaviour 
in a task. In this case lesioning only one of the systems involved results in no impairment 
on the task. Impairments can only be observed when aIl of the systems involved are 
lesioned. This was demonstrated in a task on a Y -maze in which rats were trained by 
being placed on the center platform and allowed to run into either of 2 separated arms, 
only one ofwhich contained food. McDonald & White (1995b) found that lesions of the 
dorsal striatum or fimbria-fornix did not impair rats on this task when done separately. 
Impairments were only found in rats with combined lesions of the dorsal striatum and 
fimbria-fornix. 
In other situations one system was shown to learn appropriate behaviour while 
information was also being processed by another. Packard & McGaugh (1996) trained 
rats on a T -maze in which they consistently had to make a right turn at the choice point, 
from a constant start arm, to get a food reward. After 8 days of training the rats were 
started from the arm opposite than the one they were trained on. Most rats made a left 
turn showing that acquired a place response even if during training they had to make a 
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constant right tum. This response was impaired by a bilateral inactivation of the dorsal 
hippocampus but not by inactivation of the dorsal striatum. When tested after 16 days 
most rats made the right-tum response leamed during training leading to the unrewarded 
arm. This response was blocked by inactivation of the dorsal striatum but not of the 
dorsal hippocampus. These results suggest that both hippocampal and striatal systems 
leamed information in paraUel but that the striatal system could only exert its influence 
after 16 training trials. 
In another study McDonald & White (1994) trained rats to swim to both a visible 
or submerged platform in a water maze. FoUowing the rats acquisition of the location of 
the platform from any starting position, the platform was moved to the opposite pool 
quadrants and made visible. Rats with fimbria-fomix lesions swam directly to the visible 
platform. Rats with lesions of the dorsal striatum aU swam to the area in which the 
platform was previously located. This pattern of effects suggest that place and response 
leaming occurred in paraUel and that lesions of one of the systems revealed the function 
of the other. 
Hippocampus and amygdala 
The findings in Experiment 6 demonstrated that more than one memory system 
can influence behaviour simultaneously in the CCP paradigm. The findings showed that 
the influence of one memory system on behaviour only became apparent when a lesion to 
another system was made. In Experiment 6, the role played by the amygdala in the 
spatial discrimination expressed in the adjacent-arm CCP paradigm was only 
hypothesized after it was found that acquisition of the CCP was impaired in normal rats 
by temporary inactivation of the dorsal hippocampus while on the unpaired but not while 
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on the paired arm. This result was contrary to what was expected because no information 
about the location of food is acquired while the rats are on the no-food arm. The 
expected result, that only rats with an inactivated dorsal hippocampus in the paired arm 
would be impaired, was obtained in rats with amygdala lesions. 
These results uncovered the possibility that spatial discrimination in this paradigm 
may be mediated by two different types of information processing systems operating in 
parallel. One system, having the amygdala as a central structure may mediate an 
undifferentiated conditioned approach response towards discrete eues that results in a 
tendency to approach the general area of the maze close to them. This form ofbehavior 
does not discriminate between the adjacent paired and unpaired arms. As the rat 
approaches these eues the hippocampal system may guide it to avoid the unpaired arm 
and into the paired arm. 
This situation gives rise to competitive and cooperative interactions between the 
two systems. Both the hippocampus and amygdala may cooperate in leading the animal 
into the paired arm but the amygdala will also lead the animal into the unpaired arm due 
to the undifferentiated conditioned approach. This tendency may be counteracted by the 
hippocampus that competes with amygdala in keeping the animal out of the unpaired arm 
(see figure 15). 
This explanation assumes that the influences ofthe two systems on behavior are 
independent of each other. Each system guides behavior in its own way and the result is 
sorne combination of the two behaviors. The specifie response measure used, in this case 
time spent in the two maze arms, is affected by both behavioral tendencies 
simultaneously. When the combined outputs of the two systems produces a tendency to 
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spend more time in one of the two arms than in the other a significant effect on the arm 
preference is observed. 
Although the output of these systems may occur independently, they must exert 
their simultaneous influences through structures that receive afferents from both systems. 
One of these structures is the nucleus accumbens. The nucleus accumbens receives 
projections from both hippocampus (Witter, 1986; Kelly & Domesick, 1982) and 
amygdala (Jolkkonen, Miettinen, Pikkarainen & Pitkanen, 2002). Because the 
hippocampus and amygdala do not have direct access to the motor system the 
motivational information leamed through these structures cannot directly give rise to 
appropriate motor outputs. Limbic structures need to interact with other systems to give 
rise to the motor responses observed after stimulation of these structures (Hess, 1957). 
The nucleus accumbens may act as an interface between limbic structures and the motor 
system (Mogenson, 1987). Therefore, one possible function of the convergence of inputs 
from the hippocampus and amygdala in the nucleus accumbens may be to link the output 
of these structures to the motor system. 
Inactivation of the nucleus accumbens has been shown to impair spatialleaming 
(De Leonibus, Oliverio & Mele, 2005; Mele et al., 2004). The nucleus accumbens is also 
involved in types ofleaming that are known to depend on an intact amygdala. Lesions of 
the nucleus accumbens impair fear conditioning (Levita, Dalley & Robbins, 2002), and 
temporary inactivation of the nucleus accumbens impairs the fear potentiated startle 
response in rats (Schwienbacher, Fendt, Richardson, & Schnitzler, 2004). AlI ofthese 
findings can be interpreted in terms of the idea that the nucleus accumbens is involved in 
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translating the outputs of limbic structures such as hippocampus and amygdala and their 
interactions to behavior. 
Another point of convergence for the hippocampus and amygdala is the prefrontal 
cortex. Both the hippocampus (Ferino, Thierry, Glowinski, 1987; Goldman-Rakic, 
Selemon, Schwartz, 1984; Swanson, 1981) and amygdala (Porrino, Crane, Goldman-
Rakic, 1981; Amaral, Price, 1984; Ottersen, 1982) project to the prefrontal cortex and the 
hippocampus sends projections to both the amygdala and prefrontal cortex (lshikawa & 
Nakamura, 2006). Asymmetrical hippocampus/prefrontal cortex disconnections 
(Floresco, Seamans, Phillips, 1997; Wang & Cai, 2006), cause spatial memory deficits in 
rats. The prefrontal cortex and amygdala may interact in certain forms of emotional 
leaming such as fear extinction (Quirk & Beer, 2006; Sotres-Bayon, Bush & Ledoux, 
2004). 
Both the hippocampus (Witter, 1986; Kelly & Domesick, 1982) and prefrontal 
cortex (Carr & Sessack, 2000). project to the nucleus accumbens which may integrate 
information from the hippocampus and prefrontal cortex, to produce motivated 
behaviour. It is possible that, information from the hippocampus and prefrontal cortex 
compete with the amygdala for informational input into the nucleus accumbens. This may 
occur when the information available in the environment can be used by both the 
hippocampus and amygdala. However, when environmental cues result in a greater 
propensity to recruit one system over the other nucleus accumbens output may be more 
likely to favor that system. Both of these possibilities can be illustrated by the behaviour 
of the rats in Experiment 6. 
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Entry into the food arm can be mediated by both the hippocampus and amygdala, 
which is an example of cooperation between the systems. Although the hippocampus and 
amygdala may be using environmental spatial cues in a different way (i.e. using a 
constellation of cues for the hippocampus vs. the use of discrete cues for the amygdala) 
the resulting behaviour is not incompatible. Therefore, in this situation motor output 
mediated by the nucleus accumbens may be equally distributed in both structures. 
A different interaction between the two inputs may occur when the animalleams 
to avoid the unpaired arm. In this case the undifferentiated approach response mediated 
by the amygdala which can lead to either arm must be inhibited. 
Summary and Conclusion 
The findings of the present thesis point to the possibility that the hippocampus 
might only be involved in spatialleaming when information about reinforcing events 
must be combined with distal spatial cues to specify their location on a spatial map stored 
outside the hippocampus. The hippocampus may also be important in processing 
information about the absence of food in a specific location on a spatial map when 
discriminating between a rewarded and unrewarded location. Finding food on a maze 
may involve the cooperation between an amygdala based undifferentiated conditioned 
approach response mediated by the amygdala and the spatial specificity of the 
hippocampus. 
Maps of relationships among environmental spatial cues devoid of any 
associations with reward may be created via a circuit that includes the entorhinal cortex 
and fimbria fomix independently of the hippocampus. The role of the entorhinal cortex in 
spatialleaming has been confirmed by recent findings (Fyhn et al., 2004; Hafting et al., 
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2005) defining its possible role in spatialleaming may shed sorne light on how it may 
interact or function in parallel to the hippocampus and amygdala to specify the location 
of important stimuli. 
Altogether, the findings in this thesis support the view that cortical areas adjacent 
to the hippocampus play a role distinct from the hippocampus in memory (Mumby, 2001; 
Murray et al., 2000). In fact it is interesting to note that every phase of the CCP paradigm 
was sensitive to entorhinal cortex but not dorsal hippocampus inactivation. This in direct 
contradiction to the view that the entire media} temporal lobe must be viewed as a unified 
leaming system (Squire, 2004; Zola-Morgan et al., 1994) and that adjacent cortical areas 
subservient to the hippocampus proper. 
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